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AUTHOR'S  PREFACE. 

In  my  research  work,  and  in  connection  with  my  lectures  at 
the  University  and  Technical  School  of  Munich,  I  have  for 
some  time  felt  convinced  that  there  existed  a  very  evident  gap 
in  the  literature  relating  to  the  diseases  of  plants.  There  was 
need  of  a  newer  and  more  complete  work  on  cryptogamic  para- 
sites aud  the  diseases  induced  by  them  on  higher  plants,  a  work 
furnished  with  many  accurate  illustrations,  with  a  survey  of 
the  newer  literature,  and  with  a  general  part  wherein  parasitism 
and  the  relations  between  parasite  and  host  are  discussed  from 
a  botanical  standpoint.  Therefore,  I  have  undertaken  to  write 
a  book  intended  to  supply  in  some  degree  this  pressing  want. 
Here  the  attempt  has  been  made  for  the  first  time  to  review 
in  a  general  and  comparative  manner  the  biological,  physiological, 
and  anatomical  relationships  accompanying  the  phenomena  of 
parasitism.  Already  De  Bary  has  considered  the  varying  degrees 
of  parasitism  and' the  phenomena  of  symbiosis  in  his  celebrated 
Morphology  and  Biology  of  the  Fungi ;  while  Wakker  has  laid 
the  foundations  of  our  knowledge  of  the  alterations  in  the 
anatomy  of  plants  diseased  by  the  agency  of  fungi,  more  especially, 
however,  those  alterations  accompanying  'hypertrophy.'  I  venture 
to  continue  this  difficult  and  comprehensive  chapter  of  plane 
physiology,  because  for  ten  years  I  have  devoted  my  time  to 
the  study  of  plant  pathology.  The  book  may  be  all  the  more 
acceptable  since  I  have  confirmed  a  large  number  of  the 
observations  and  added  the  results  of  my  own  investigations, 
many  of  them  now  published  for  the  first  time. 

The  present  time  is  favourable  to  my  work.  The  great 
SyUoge  Fungorum  of  Saccardo  {with  its  appendices  in  Vols.  ix. 
and  X.)  has  been  recently  completed ;  the  classic  investigations 


Digitized  by  GOOQle 

257847 


VI  AUTHOR'S  preface. 

of  Brefeld  io  the  domain  of  mycology,  and  containing  his 
classification  of  the  fungi,  are  now  well  advanced ;  the  Krypto- 
gamen-Mora  of  Rabeuhorst  is  nearly  completed ;  and  the  newer 
literature  and  observations  are  now  periodically  reviewed  in  the 
ZettschHft  fiir  Pflaiwenkrankheitm,  and  other  magazines.  The 
recent  publication  of  several  investigations  on  the  influence  of 
parasites  on  the  anatomy  of  their  host-plants  greatly  facilitated 
the  compilation  of  the  general  part  of  the  work. 

I  have  here  attempted  to  summarize  in  a  systematic  manner 
the  preventive  an'd  combative  agencies  available  against  the 
more  important  diseases  of  economic  plants.  In  many  cases 
these  are  supported  by  facts  given  in  the  chapters  on  the 
natural  and  artificial  infection  of  host-plants,  and  their  disposition 
towards  diseases  produced  by  lower  organisms. 

As  already  indicated  in  the  title-page,  the  book  deals  only 
with  those  diseases  of  plants  produced  by  the  cryptogams  and 
other  lower  organisms  of  the  vegetable  kingdom.  The  large 
number  of  parasites  which  attack  such  lower  plants  as  algae 
and  lichens,  although  not  altogether  neglected,  have  as  a  rule 
been  omitted,  otherwise  the  book  could  not  have  been  brought 
within  the  limits  of  a  single  volume.  In  the  second  or  systematic 
part  of  the  book,  the  pathological  phenomena  are  considered 
along  with  the  description  of  the  organism  producing  them. 
Where  the  diseases  are  of  economic  importance,  measures  for  pre- 
vention and  extermination  are  also  suggested.  Notices  of  greater 
length  are  given  to  such  parasites  and  diseases  as  have  formed 
the  subject  of  special  investigations.  We  could  only  aim  at  a 
complete  list  for  Germany  and  the  neighbouring  countries,  yet 
we  have  included  many  species  of  interest  occurring  in  other 
parts  of  the  world,  notably  in  America. 

Though  it  will  be  possible  to  identify  most  of  the  more 
important  parasites  by  the  aid  of  this  book,  we  do  not  intend 
it  to  replace  the  systematic  works ;  we  purpose  rather  to  add 
to  the  descriptions  given  in  Eabenhorst,  Saccardo,  and  similar 
works.  This  book  is  intended  above  all  to  be,  in  the  terms 
of  its  title-page,  "  an  Introduction " ;  hence  it  seeks  to  orient 
in  a  general  way,  to  give  a  summary  of  our  knowledge,  and  to 
indicate  the  way  to  more  detailed  records.  On  this  account 
great  care  has  been  taken  in  the  citation  of  home  and  foreign 
literature,  not  only  up  to  the  time   of  finishing   the  manuscript 
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(Easter,  1894),  but  also  during  the  time  of  proof-reading  up 
till  the  following  Christmas. 

Reference  to  the  book  will  be  rendered  easier  by  the  numerous 
illustrations,  which  are  almost  exclusively  the  work  of  the  author, 
and  reproduced  either  from  drawings  or  from  photographs  of  the 
living  objects,  in  many  cases  taken  in  situ.  I  consider  it  more 
essential  to  illustrate  the  hdbit-us  of  pathological  objects  rather 
than  to  give  drawings  of  microscopic  subjects;  those  one  may 
find  in  other  works.  Some  of  the  illustrations  are  copied  from 
the  excellent  plates  of  Tulasne,  Woronin,  De  Bary,  Klebs,  Reess, 
Cohn,  and  Robert  Hartig ;  while  a  number  of  woodcuts  have 
been  borrowed  from  the  well-known  Lehrbuek  der  Baumkrank- 
keitm  of  the  last  named  author. 

The  grouping  of  the  '  Fungi  imperfecti,'  which  have  not  yet 
been  worked  up  for  the  German  flora,  is  based  on  Saccardo's 
Sylloge ;  hence  the  arrangement  into  ityaiottporae,  etc.,  which 
is  intended  for  the  benefit  of  those  having  access  to  Saccardo. 
Particular  attention  has  been  paid  in  the  two  Indices  to  the 
scientific  names  of  both  parasites  and  hosts,  to  popular  names, 
and  to  technical  expressions. 

In  my  labours  I  received  great  assistance  from  the  following 
sources :  From  the  collection  of  pathological  material  begun  by 
Professor  Robert  Hartig,  and  now  carried  on  with  my  help  in 
the  Botanical  Institute  of  the  Royal  Bavarian  School  of  Forestry 
in  Munich ;  from  the  facilities  for  research  and  photography 
afforded  by  the  laboratories  of  the  same  institution  ;  from  the 
Royal  Library  of  Munich,  the  Library  of  the  University,  and  the 
private  pathological  library  of  Professor  Hartig. 

Living  material  for  investigation  has  been  kindly  sent  to  me 
from  many  sources,  particularly  from  the  following  gentlemen : 
Herr  Lehrer  Schnabl  of  Munich,  Geh.  Oberregierungsrath  Prof. 
Kiihn  of  Halle,  Hofgartner  Kaiser  of  Munich,  Prof.  Dr.  Fries 
of  Upsala,  Forstrath  von  Plbnnies  and  Oberforster  Loach  at 
Amorbach.  Preserved  material  came  from  Herr  Hauptlebrer 
Allescher  of  Munich,  Director  Dr.  Goethe  and  Dr.  Wortmann  in 
Geisenheiui,  Prof.  Dr.  Stahl  of  Jena,  Prof.  Dr.  Magnus  of  Berlin, 
Prof.  Dr.  Grasmann  and  Prof.  Dr.  Loew  of  Tokio.  Dr.  Bruns 
of  Erlangen  kindly  photographed  some  specimens  in  the  botanical 
museum  there.  Numerous  botanists  have  greatly  assisted  me  by 
sending  papers,  especially  Dr.  Diets!  of  Leipzig ;   I  have  also  to 


d  by  Google 


V1U  AUTHORS   PREFACE. 

thank  him  for  valuable  aid  with  the  Ureduieae.  To  Prof.  Dr. 
Soxhlet  I  am  indebted  for  literature  and  the  opportunity  given 
to  establish  a  museum  of  pathological  material  in  connection  with 
the  agricultural  division  of  the  Munich  Technical  School.  Dr. 
Soil  a  of  Trieste,  while  working  in  our  laboratory  here,  very 
kindly  translated  the  earlier  fascicles  of  the  '  Funghi  parasitic! ' 
of  Briosi  and  Cavara  as  far  as  they  were  then  published.  Prof. 
Dr.  Wollny  allowed  me  to  carry  out  Borne  researches  on  his 
experimental  fields.  Very  opportune  were  the  investigations  of 
my  pupils,  Dr.  Woernle  and  Dr.  W.  G.  Smith,  on  the  anatomical 
changes  in  plants  attacked  by  Gymnosporangeae  and  Exoasceae 
respectively. 

To  all  these  gentlemen,  and  to  many  more  who  sent  me 
material,  but  whom  it  is  impossible  to  name  individually  in 
this  place,  I  here  express  my  warmest  thanks. 

The  reproduction  of  my  drawings  and  photographs  has  been 
most  carefully  carried  out  by  Herr  0.  Consee  of  Munich.  I  am 
also  deeply  indebted  to  the  publisher,  Herr  Springer,  for  the 
excellent  manner  in  which  he  has  done  his  work ;  this  will 
no  doubt  be  also  appreciated  by  the  reader. 

v.  TUBEUF. 
Munich,  December,  1894. 


NOTE  TO  THE  ENGLISH  EDITION. 

Since  the  publication  of  this  work,  I  have  received  a  large 
contribution  of  original  papers.  Though  there  was  no  time  to 
embody  all  these  in  the  English  edition,  yet  many  of  them 
have  been  used  for  its  correction  and  amplification.  Some  were 
of  such  a  kind  as  to  necessitate  the  re-writing  of  whole  sections, 
notably  those  on  the  genera  Exoasciis  and  Gymnosporangium. 
The  remainder  will  be  thoroughly  revised  if  a  second  German 
edition  be  called  for.  I  again  take  the  opportunity  of  thanking 
all  those  who  have  sent  me  literature,  and  I  shall  be  grateful 
if  they  will  continue  to  do  so  in  the  future. 

v.  TUBEUF. 
Munich,  December,  1895. 
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My  justification  for  placing  another  translation  in  our  libraries 
is  that  no  such  book  as  this  exists  in  the  English  language, 
and  that  I  could  not,  for  some  considerable  time,  see  my  way 
to  collect  bo  many  observations  on  the  cryptogamic  parasites  of 
higher  plants,  or  to  find  so  many  suitable  subjects  for  the 
pictorial  illustration  of  their  habits  and  structure,  as  Dr.  von 
Tubeuf  has  given  us.  The  work  was  undertaken  all  the  more 
willingly,  because,  while  working  under  the  guidance  of  the 
author,  I  bad  seen  the  book  take  shape  in  his  hands,  and  even 
added  some  items  to  its  pages. 

The  aims  of  the  book  are  sufficiently  set  forth  in  the  author's 
preface,  and  in  the  preparation  of  an  English  edition  these 
have  been  kept  in  view.  The  first  or  general  part  and  the 
more  important  descriptions  in  the  second  part  are  practically 
translations,  but  a  certain  amount  of  modification  was  found 
necessary  in  adapting  the  work  to  the  requirements  of  English 
readers.  With  this  object  many  additions  were  made  both 
by  the  author  and  myself.  Those  which  I  have  inserted  are 
in  most  cases  indicated  by  the  use  of  (Edit.);  this  has,  how- 
ever, been  entirely  omitted  in  the  group  '  Fungi  imperfecti,' 
and  nearly  so  in  the  TJredineae,  on  account  of  the  number  of 
changes  found  necessary.  I  also  thought  it  advisable  to  indicate 
whether  the  different  species  of  fungi  had  been  recorded  for 
Britain  and  North  America;  this  has  been  done  generally  by 
the  use  of  brackets, — (Britain  and  U.S.  America.)  The  records 
for  Britain  are  taken  from  the  works  of  Plowright,  Massee,  and 
others;  those  of  three  groups, — the  TJredineae,  Bosidiomycetes, 
and  '  Fungi  imperfecta '  were,  however,  revised  by  Professor  J. 
W.  H.  Trail  of  Aberdeen,  a  well-known  authority.     For  America 
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the  records  of  economic  interest  are  selected  chiefly  from  Farlow 
and  Seymour's  Host-Index,   which   contains   the  complete  list 

I  here  take  the  opportunity  of  expressing  my  thanks  to 
Professor  I,  Bayley  Balfour  for  valuable  aid  and  advice;  to 
Professor  J.  W.  H.  Trail  for  kindly  revising  important  parts  of 
the  proofs;  to  my  brother,  Kobert  Smith,  for  assistance  in  proof- 
reading, and  to  other  friends  who  have  aided  me. 

The  difficulties  of  translation  are  well  known ;  in  the  present 
case  they  have  been  increased  by  the  technical  nature  of  the 
subject,  and  by  the  modification  which  the  original  has  under- 
gone. Faults  there  must  be;  for  those  I  ask  the  indulgence  of 
the  reader. 

W.  G.  SMITH. 

Royal  Botanic  Garden, 
Edinburgh,  October,  1896. 
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PART  FIRST. 


THE  PARASITIC   FUNGI. 

The  true  Fungi,  together  with  the  Myxomycetes  or  Slime-fungi, 
and  the  Schizomycetes  or  Bacteria,  constitute  a  group  of  the 
Cryptogams  characterized  by  lack  of  chlorophyll.  In  consequence, 
the  members  of  the  group  are  unable  to  utilize  light  as  a  source 
of  energy,  and  must  obtain  their  food  as  organized  material, 
complex  in  comparison  with  the  simple  substances  required  by 
green  plants.  These  fungi,  in  short,  are,  in  common  with  animals, 
ultimately  dependent  for  the  greater  portion  of  their  support 
on  living  or  dead  chlorophyllous  plants.  According  as  they 
obtain  nutriment  from  dead  organic  remains  or  from  living 
plants  or  animals,  we  distinguish  them  as  Saprophytes  and 
Parasites  respectively.  The  same  mode  of  nutrition  is  found 
in  the  case  of  most  non-chlorophyllous  Phanerogams,  and  also 
in  a  few  chlorophyllous  plants,  both  Cryptogams  and  Phanero- 
gams. 

"When  parasitic  Fungi,  Bacteria,  and  other  lower  organisms 
attack  higher  plants,  they,  as  a  rule,  endeavour  to  penetrate  the 
living  organs  of  their  host.  It  is  only  when  this  penetration 
has  taken  place  to  some  extent,  and  the  parasite  has  thereby 
come  into  more  or  less  close  contact  with  the  tissues  of  its  host,  . 
that  conditions  suitable  to  a  parasitic  mode  of  nutrition  are 
established. 

To  deal  with  the  lower  forms  of  vegetable  parasites,  with  their 
relations  to  their  respective  hosts,  and  with  (he  structural  altera- 
tions which  they  bring  into  existence  in  the  latter,  is  our  object 
in  the  present  book. 
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2  THE  PARASITIC   FUNGI. 

§  1.    DEFINITION  OF  THE  PARASITISM  OF  FUNGI. 

Parasitic  Fungi  are  those  which,  stimulated  by  the  cell- 
contents  of  another  living  plant,  penetrate  wholly  or  partially 
into  its  tissues,  and  draw  their  nutriment  from  that  source. 

Saprophytic  Fungi  are  those  which  make  no  attempt  to 
penetrate  the  tissues  of  living  plants,  but  derive  their  nutriment 
from  a  dead  substratum. 

Intermediate  between  these  two  extremes  come  those  fungi 
which,  in  consequence  of  some  stimulus,  attempt  to  effect  an 
entrance  into  the  tissues  of  living  plants  by  the  secretion  of  some 
fluid  or  ferment,  but  only  attain  their  object  after  first  killing  the 
part  they  attack  (e.g.  Sclerotinia  sclei-otiorum).  A  special  position 
must  also  be  ascribed  to  certain  forms  which  inhabit  the  wood 
of  trees,  but  have  not  the  power  to  penetrate  through  the  outer 
tissues ;  they  depend  on  first  gaining  entrance  through  wounds 
into  dead  parts  of  the  bark  or  wood,  and,  after  living  there  for 
a  time  as  saprophytes,  extend  into  the  living  elements  and  cause 
their  death. 

Many  parasites  may  be  artificially  cultivated  so  as  to  pass 
some  part  of  their  life-history  on  dead  pabulum,  and  even  in 
natural  conditions  many  of  them  regularly  live  for  a  season  in 
a  saprophytic  manner.  On  this  account  it  appears  to  me  more 
correct,  in  distinguishing  between  parasites  and  saprophytes,  to 
lay  less  weight  on  the  adaptation  to  nutrition  and  more  on  their 
response  to  the  stimuli  exerted  by  living  plant-cells.  The  nature 
of  this  stimulus  which  affects  parasitic  hyphae  has  not  as  yet 
been  investigated.  It  appears  probable,  however,  especially  from 
the  investigations  of  Pfeffer  and  Miyoshi,1  that  the  influence  is 
primarily  a  chemical  one,  and  that  the  nutritive  value  of  the 
stimulating  substance  is  not  a  measure  of  the  ensuing  effect 
Biisgen  states  that  the  formation  of  adhesive-discs  by  germinating 
spores  jb  induced  by  a  stimulus  due  to  contact,  whereas  the 
production  and  penetration  of  the  first  haustoriuni  is  independent 
of  contact,  and  is  probably  due  to  some  chemical  stimulus  (see 
p.  9).  Miyoshi' s  investigations  have  also  proved  that  saprophytic 
fungi  are  capable  of  penetrating  into  living  plant-organs,  even 

'Miyoehi.    "  Ueber  Chemotropiomm  d.  Pilze."   Botan.  Zritung,  1894;  alto  "Die 

Dnrchbohrung  von  Membranen  durch  Pilzfeden."     Pringshtim*  Jahrtmch,  1896 

Pfeffer.     "  Ueber  Election  orgmiuuher  Nahretoffe."     Pringilieim't  Jahrbnch, 
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of  boring  through  cell-walls,  if  the  part  be  impregnated  with  a 
stimulating  solution.  They  behave  here  completely  as  parasites. 
For  example,  hyphae  of  Pmicttliuw,  glaucum  penetrate  into  living 
cells  of  a  leaf  injected  with  a  two  per  cent,  solution  of  cane 
sugar,  while  without  previous  injection  of  the  leaf  they  have 
never  been  observed  to  do  so.  Penicillium  is  also  known,  in 
certain  circumstances,  to  become  parasitic 

Many  species  of  fungi  are  capable  of  passing  the  whole  or  a 
part  of  their  life  as  parasites  on  living  plants.  Conspicuous  in 
this  respect  are  the  Uredineae  and  Ustilagineae,  many  Ascomy- 
cetes,  including  all  Exoasceae  and  Erysipheae ;  and  amongst  the 
lower  fungi,  most  of  the  Chytridiaccae  and  all  the  Peronosporeae. 
Nor  does  this  exhaust  the  list,  for  amongst  the  remaining  fungi 
we  may  find  isolated  families,  genera,  and  even  species  occurring 
as  parasites,  while  forms  closely  related  to  them  are  saprophytic. 

To  classify  the  parasites,  saprophytes,  and  intermediate  forms, 
we  shall  adopt  that  arrangement  proposed  by  Van  Tieghem  and 
De  Bary. 

§  2.    CLASSIFICATION  OF  PARASITES  AND  SAPROPHYTE& 

1.  True  saprophytes  are  such  as  regularly  pass  through  their 
whole  life-history  in  a  saprophytic  manner.  They  may  derive 
their  nourishment  from  different  kinds  of  pabulum,  or  be  limited 
to  some  definite  substratum.  The  true  saprophytes  do  not  come 
within  the  scope  of  this  book.1 

2.  Hemi-saprophytes  (the  'facultative  parasites'  of  De  Bary) 
are  wont  to  pass  through  their  whole  development  as  saprophytes, 
but  on  occasion  are  capable  of  existing  wholly  or  partially  as 
parasites.  Amongst  them  are  included  particularly  such  species 
as  may  be  designated  "  occasional  parasites,"  which  commonly 
occur  as  saprophytes,  and  only  under  certain  conditions  become 
parasitic 

3.  True  parasites  (the  'obligate  parasites'  of  De  Bary).  These 
undergo  no  part  of  their  development  as  saprophytes,  but  live  in 
every  stage  of  existence  as  parasites. 

4.  Henri-parasites  (the  'facultative  saprophytes'  of  De  Bary) 
are  capable,  if  need  be,  of  becoming  saprophytes  for  a  season 

'Jobow  propose*  the  term  Ho  lo- saprophytes  for  those  non-chlorophyllous 
Phanerogams  which  live  exclusively  saprophytic  on  organic  debris,  in  contrast 
to  those  possessing  chlorophyll,  which  he  names  Hemi-saprophytes. 
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but  as  a  rule  they  live  throughout  their  whole  development  as 
parasites. 

Within  each  of  these  four  divisions  one  may  introduce  a 
number  of  subdivisions. 

H  emi-saprophytRS. 

The  majority  of  saprophytes  are  never  parasitic,  yet  there  are 
a  number  which  become  so  occasionally.  Thus  some  species  of 
Mucor  and  Penieillium  can  penetrate  into  thin-skinned  fruits,  and 
this  they  do  the  more  easily,  the  further  the  fruits  are  from  the 
condition  of  full  vital  energy,  to  use  De  Bary's  expression.1 
Belated  to  these  are  other  fungi  which,  although  incapable  of 
effecting  entrance  into  plants  in  active  life,  may  yet  do  so  as 
the  plant,  though  Btill  living,  begins  to  wither.  In  such  cases 
the  parasitism  is  somewhat  difficult  to  prove.  In  particular,  the 
so-called  '  Fungi  imperfecta '  contain  forms  of  this  kind. 

Amongst  the  hemi-saprophytes  we  may  include  the  species 
of  Botrytis,  which  are  able  to  penetrate  into  unfolding  parts  of 
plants,  but  not  into  the  older  parts.  We  may  specially  mention 
Botrytis  Dovglasii  as  a  form  more  generally  known  as  a  sapro- 
phyte, but  which  becomes  parasitic  on  immature  organs,  and 
which  penetrates  young  needles  of  various  conifers  to  kill  them, 
whereas  it  is  unable  to  attack  older  needles.  In  this  case  the 
thickness  of  the  membranes  would  seem  to  act  as  a  protection, 
just  as  the  vital  energy  of  the  plant  does  in  the  preceding  cases. 
In  Sclerotinia  sclerotiorum,  Scl.  ciborwides,  and  Scl.  Fucketiana, 
a  saprophytic  existence  must,  as  in  the  example  just  mentioned, 
precede  the  parasitic  condition ;  in  fact  De  Bary  holds  that 
these  forms  can  only  become  parasites  after  their  mycelium  has 
been  snprophytically  strengthened ;  the  parasitic  condition  is  not 
necessary  to  them,  for  they  can  go  through  their  whole  develop- 
ment on  a  dead  substratum.  Pylhium.  De  Baryanum  is  also  to 
be  regarded  as  a  hemi-saprophyte  which  attacks  and  kills 
seedlings  of  many  plants  as  a  parasite,  but  otherwise  vegetates 
on  dead  plant  remains.  Gladosporium  herbarum,  one  of  the 
commonest  of  saprophytes,  behaves  similarly,  but  it  is  of  less 
frequent  occurrence  than  Pytkium,  and  in  fact  its  parasitism  has 
only  been  suspected  quite  recently. 

'This  has  been  confirmed  bv  Davaine  (Compl.  rend,  lxiil,  1866,  pp.  277  and 
344)  and  Brefeld  iSitowngOer.  d.  vaturformh.  Fr.  hi  Berlin,  1875). 
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As  further  examples  of  fungi,  capable,  as  parasites,  of  killing 
living  cells,  but  which  pass  through  more  or  less  of  their  life 
as  saprophytes,  may  be  taken  species  whose  mycelium  inhabits 
the  wood  of  trees  and  shrubs.  Amongst  these  are  numerous 
Polyporeae,  which  find  admission  only  by  wounds  in  the  wood. 
At  first  these  destroy  and  derive  nourishment  from  the  substance 
of  dead  parts  of  the  wood,  but  later  they  begin  to  attack  the 
parenchyma  of  the  living  wood,  and  extending  outwards  kill, 
as  they  go,  cambium,  bast,  and  rind,  till  they  reach  the  exterior, 
and  there  develop  sporophores.  As  examples  we  may  take 
those  species  investigated  by  R.  Hartig  of  Munich,  eg.  Poly- 
porus  fomentarius,  P.  igniarius,  P.  Hartigii,  P.  sulphureus, 
Stereum  Mr&utum,  Trametes  pini.1 

The  heart-wood  is  a  part  of  the  tree  generally  avoided  by 
insects,  which  would  in  very  short  time  destroy  the  sap-wood 
with  its  rich  starch-content,  e.g.  Annobiae  in  oak.  Again,  the 
heart- wood  resists  the  influence  of  certain  saprophytic  fungi 
much  longer  than  the  sap-wood,  hence  it  is  preferred  as  the 
timber  used  for  railway  sleepers.  Although  in  these  cases  we 
might  describe  the  heart-wood  as  possessing  antiseptic  properties, 
yet  this  would  scarcely  be  accurate,  since  it  is  just  this  very 
heart-wood  which  is  always  first  attacked  by  the  wound-parasites 
of  trees,  and  gives  them  a  hold  on  the  tree  as  parasites.  See 
also  Chap.  V. 

Since  these  dangerous  tree-fungi  can  live  wholly  as  sapro- 
phytes in  the  heart-wood,  and  in  the  sap-wood  partly  as  such, 
partly  as  parasites,  they  are  also  able  to  vegetate  further,  and 
to  reproduce  themselves  on  felled  stems,  especially  when  the 
necessary  moisture  iB  provided.  Thus,  for  example,  Agaricus 
adiposus,  a  wound-parasite  of  the  silver  fir,  produces  its  yellow 
sporophores  on  felled  stems  and  split  wood  during  the  whole 
summer  in  moist  parts  of  the  forest,  while  in  a  cellar  or  other 
moist  chamber  the  development  of  sporophores  may  continue  over 
a  year.  In  fact,  I  have  found  that  a  billet  of  beech-wood,  after 
being  placed  under  a  glass  and  allowed  to  lie  completely  dry, 
on  again  being  soaked  from  time  to  time,  continued  to  produce 
a  crop  of  toadstools  annually  for  five  years. 

Some  wound -parasites  occur  occasionally  as  typical  sapro- 
phytes on  dead  wood.     Thus  Polyporus  annosus,  perhaps  better 

'R.   Hartig,  Zenetzungieriichnnmigtn  dee  Holut,    1878,  and  other  wnrka 
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known  as  Trametes  radiciperda,  is  an  undoubted  parasite  of 
pines,  spruces,  and  other  trees,  yet  on  timber  in  mines '  it 
grows  luxuriantly,  and  reproduces  abundantly  from  sporophores, 
which,  however,  differ  somewhat  from  the  typical  form.  Again, 
the  rhizomorph -strands  of  Agaricus  mtlleus  grow  under  dead 
bark,  in  the  earth,  in  mines,  and  in  wooden  water-pipes,  while 
other  forms  of  its  mycelium  are  completely  parasitic;  thus 
the  apices  of  the  rhizomorphs  penetrate  the  bark  of  young 
conifers,  and,  in  the  form  of  a  mycelium,  live  parasitic  on  rind, 
bast,  and  cambium. 

Polyporus  vaporarius,  a  true  parasite  on  living  Scots  pine, 
is  also  an  enemy  of  timber  in  newly-built  structures,  or  in 
subterranean  spaces  and  cellars,  so  long  as  it  can  obtain  the 
necessary  moisture.  Polyporus  sulphurens  produces  Bporophores 
on  the  bark  of  living  trees,  as  well  as  on  the  dead  stools  of 
felled  trees.  Many  other  related  forms  would  probably  be  able 
to  live  on  dead  timber  if  they  were  not  dependent  on  a  certain 
degree  of  moisture,  and  could  submit  to  drying-up  as  easily  as, 
for  example,  Polyporus  abietinus,  a  true  saprophyte,  and  one  of 
the  most  common  enemies  of  old  wooden  bridges. 

Fungi  from  other  groups  are  also  known  to  effect  an  entrance 
into  the  wood  of  trees  through  wounds  only,  yet  when  once  in, 
they  spread  rapidly,  and  at  length  bring  about  the  death  of  their 
host  The  spores  of  Cueurbitaria  labvrni  were  demonstrated 
by  me  to  germinate  on  the  laburnum,  on  wounds  produced 
by  hail  and  otherwise,  and  to  send  into  the  wood  so  exposed 
a  mycelium,  which  spread  through  the  vessels  and  into  the  rind, 
killing  all  the  tissues  on  its  way.  Similarly  Ncetria  cinnabarina, 
after  it  has  killed  its  host,  lives  thereon  as  a  saprophyte,  and 
develops  patches  of  conidia  and  perithelia  on  the  dead  bark. 
Pezim  Willkommii,  although  really  a  strict  parasite  on  the  living 
rind,  yet  continues  to  grow  and  to  reproduce  itself  on  the  dead 
branches. 

Hemi-parantes. 

If  the  examples  already  given,  i.e.  Mucor,  Penicillium,  Botrytis, 
Pythium,  are  typical  of  hemi-saprophytes,  then  there  may  arise 
a  doubt  whether  the  remainder,  the  wood-destroying  Polyporeae, 
Nectria,  Cueurbitaria,  and  Agaricus  mellats,  should  not  be  regarded 
I. ;  Magnua,  Botan.   Verein  d.  Prov. 
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as  hemi- parasites.  They  must,  however,  be  included  amongst 
the  hemi-saprophytea,  because  doubtless  they  are  capable  of 
going  through  their  whole  development  as  saprophytes.  The 
hemi -parasites  include,  amongst  others,  the  Ustilagincae,  all  of 
which  live  for  a  time  as  parasites,  and  cannot,  even  by  artificial 
cultivation,  be  made  to  complete  their  life-history  as  saprophytes. 
While,  however,  many  of  the  Ustilagineae  are  adapted  to  a  com- 
pletely parasitic  life,  others  can,  in  the  form  of  sprouting  conidia, 
live  and  multiply  saprophytically.  The  conidia  of  Exobcmdhem 
and  Exoascus  continue  to  bud  off  conidia  for  a  considerable  time 
in  nutritive  solutions,  yet  in  nature,  the  spores  probably  produce 
infecting  hypbae  at  once,  and  the  fungus  is  but  little  suited  to 
sustain  a  saprophytic  mode  of  life.  Phytophtkora  infestana  is 
more  easily  reared  as  a  saprophyte,  and  occurs  in  nature  as  such, 
hence  it  approaches  somewhat  towards  the  hemi-saprophytea. 


True  Parasites, 

The  Uredineae  may  be  taken  as  the  most  typical  of  the  true 
parasites;  they  constantly  pass  through  their  whole  life-history 
on  living  plants,  and  cannot  be  cultivated  on  a  dead  substratum. 
So  also  the  Erysipheae,  although  frequently  their  spores  only 
reach  maturity  on  a  dead  substratum,  as  do  also  those  of 
Khytisma  and  Polystigma.  Ergot  of  grain  and  the  Sclerotinia 
inhabiting  berries,  are  also  truly  parasitic,  even  though  their 
apothecia  or  perithecia  are  produced  from  hibernating  sclerotia, 
and  though  their  conidia  can  be  saprophytically  cultivated  on 
dead  pabulum. 

The  Feronosporeae  and  Protomyces  are  also  true  parasites. 
In  many  other  forms  the  development  of  germ-tubes,  or  the 
sprouting  of  conidia,  may  be  obtained  in  artificial  nutritive 
solutions  by  exclusion  of  rival  fungi  and  bacteria,  yet  it  is 
doubtful  whether  this  takes  place  in  nature. 


§  3.    MODE  OF  LIFE  OF  THE  PARASITIC  FUNGI. 

The  parasitic  fungi  may  be  divided  according  to  the  place  of 
their  occurrence  and  their  mode  of  attack  on  the  host,  into  two 
categories,  which  may  be  designated   epiphytic  and  endophytic 
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parasites. 1  The  former  have  their  vegetative  mycelium  spread 
over  the  surface  of  the  host-plant,  the  latter  penetrate  into  the 
plant  and  there  develop  their  mycelium.  Both  receive  nourish- 
ment from  the  cells  of  the  host-plants,  generally  by  means  of 
special  absorptive  organs  inserted  into  the  cells  of  the  host,  the 
so-called  kauttoria. 

We  may  distinguish  the  following  groups  of  parasites  accord- 
ing to  the  degree  of  their  penetration  into  the  organs  of  the 
host-plant  they  attack : 

1.  Epiphytes:  (a)  with  haustoria  which  only  sink  into  the 
outer  membranes  of  the  host; 

(b)  with  haustoria  penetrating  into  the  cavity  of  the  host- 
cells. 

1.  Endopbytes  :  (a)  with  a  mycelium  which  grows  in  the 
walls  of  the  host-cell,  and  is  generally  nourished  without  the  aid 
of  haustoria ; 

(b)  with  a  mycelium  which  grows  in  the  intercellular  spaces 
only,  and  is  nourished  with  or  without  haustoria ; 

(c)  with  a  mycelium  which  penetrates  into  the  host-cells  and 
becomes  an  intracellular  mycelium; 

(d)  lower  fungi  which  live  completely  in  a  host-cell 

1.  Acquisition  of  nutriment  by  the  epiphytic  parasitic 
fungi.  The  simplest  mode  of  acquiring  nutriment  is  found  in 
yeasts  (Sacckaromyces  apieulatits,  etc.)  which  frequent  the  outside 
of  living  fruits,  and  live  on  the  drops  of  sugary  solution  which 
diffuse  therefrom.* 

■Epiphytic paraai tea  always  produce  their  reproductive  organs  outside  their 
host-plant.  In  the  case  of  endophytic  parasites,  the  reproductive  organs  of 
some  are  produced  inside  the  bout-tisane,  e.'j,  the  zygospores  sjid  oospores  of 
Chytridiaceae  and  Ptrtmosportar,  the  chUmydospores  of  the  UstUagintae ;  others 
form  their  sporocarps  wholly  or  partially  embedded,  the  spores  and  conidia  only 
being  discharged  externally  ;  while  a  large  number  form  sporocarps  on  the  surface 
after  the  epidermis  has  been  torn.  Conidia  are  generally  ab jointed  from  the 
free  surface  of  the  host-plant. 

The  terms  epiphytic  and  endophytic  parasites  have  been  chosen  with  regard  to 
the  development  of  the  parasitic  food- absorbing  mycelium.  Some  authors  regard 
epiphytism  somewhat  differently,  and  include  amongst  endophytes  those  forma 
which  live  on  the  surface  of  the  host  and  penetrate  only  by  haustoria.  If  this  be 
accepted,  epiphytism  is  very  exceptional  amongst  parasites  of  the  higher  plants. 
Zopf  ("  Die  Pilze")  gives  as  examples  of  this  condition  only  the  following:  the 
Lalxmlbeniaceae  inhabiting  the  chitinouB  skeleton  of  certain  insects,  and  Meiano- 
xpora  parasitica  on  filaments  of  species  of  /sarin  ;  these  have  no  comn 
between  the  mycelium  and  their  host.  Species  of  Chaetocladium.  parasiti 
and  absorbing  the  cell-wall  of  the  host  at  the  point  of  contact,  could, 
speaking,  no  longer  be  classed  as  epiphytes. 

■Btlsgen.     "Ueber  t 
liotaii.  Zeitung,  1893. 
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I  can  however  hardly  regard  as  parasites,  fungi  like  these 
which  live  on  an  accidental  outflow  from  plants  or  plant-cells, 
even  though  they  regularly  frequent  places  where  an  outflow  is 
to  be  expected.  They  exert  no  influence  on  the  host-plant, 
and  they  are  nourished  by  substances  which  can  no  longer  be 
regarded  as  belonging  to  the  host.  I  would  rather  include 
them  amongst  non-parasitic  epiphytes  which,  without  specially 
adapting  themselves,  settle  on  any  part  of  a  living  plant  where 
sugary  solutions  suitable  for  their  nutriment  may  occur.  One 
might  imagine  however  such  epiphytes  inducing  a  diffusion  of 
nutritive  substance  from  the  cells  of  the  host-epidermis  to  the 
closely  adherent  fungal  hyphae ;  then  we  should  have  the 
simplest  mode  of  parasitic  acquisition  of  nutriment  on  the  part 
of  epiphytes.  They  would  take  up  food-material  from  the  epi- 
dermal cells  in  much  the  same  manner  as  many  intercellular 
hyphae  do  from  the  adjoining  walls  of  the  host-cell.1 

Epiphytic  parasites  frequenting  the  surface  of  plant-organs 
generally  endeavour  to  increase  their  supply  of  nutriment  from 
the  host-cells  by  formation  of  haustoria,  which  pierce  the  cuticle 
or  the  whole  cell-wall.  Biisgen  has  shown  experimentally 
that  the  adhesive  discs,  often  formed  on  the  germination  of  a 
spore,  owe  their  origin  to  a  contact-stimulus ;  the  formation  and 
direction  of  the  infecting  hyphae,  on  the  other  hand,  though 
depending  on  this,  are  much  more  determined  by  a  stimulus 
originating  from  the  host-cell  itself.  In  this  we  have  a  confirma- 
tion of  the  accuracy  of  our  definition  of 
parasite  and  saprophyte. 

The  appreasoria,  adhesion-organs  or 
adhesive  discs  just  mentioned,  are  char- 
acteristic of  many  parasites.  They  are 
formed  chiefly  on  epiphytic  mycelia, 
but  also  accompany  the  earlier  life  of 
other  fungi.  In  the  case  of  epiphytes, 
pores  are  formed  on  definite  places  of  _ 

such  an  adhesive-disc,  and  from  these    ™wiu£a«»  g 

,  ,  ii-i  ii-        •pWwmii  ol  ■  nor).!!,,  ...  -U- 

naustona  are  developed,  or  a  hypna  is    Won-<UK»i.dh»utt»riumii»™be«i 
given  off  and  enters  the  host-plant  to 

form  a  mycelium.     The  appreasoria  of  the  Erysipheae  are  very 
characteristic;   in  many  they  are  broad  lobed  discs  (Fig.  1);  in 

1  Campus  those  cum  of  put-Mites  on  insect!  and  fungi  already  given,  p.  S  (note). 


db,  Google 


10  THE  PARASITIC  FUNGI. 

others,  like  Podosphaera  castagnei,  they  take  the  form  of  broadened 
closely-clinging  hyphae  with  haustoria.  Frank  describes  a  swell- 
ing of  the  germ-tube  of  Fusicladiitm  tremidae  just  before  the 
infecting  hypha  pierces  the  cell- walls  of  its  host.  A  similar 
phenomenon  can  be  observed  in  Polydigma  rubrum,  in  Gnomonin, 
trythrastoma,  and  in  the  germinating  aecidios  pores  of  Melampeora 
Goeppertiana.  Some  other  examples  will  be  mentioned  in  our 
next  section. 

Haustoria  of  the  epiphytic  Parasites. 
The  most  inconspicuous   haustoria   are   those  of  Herpotrichia 
nigra    and    Trickosphaeria  parasitica,   described    by   R,   Hartig.1 


(Details    on    Fig.    88.) 

They  are  tiny  hypha]  processes  resting  on  the  host-epidermis, 
and  sunk  into  the  outer  walls  of  the  epidermal  cells,  so  as  to 
pierce  the  cuticle  but  not  the  whole  wall  (Fig.  2,  d,  e;  also 
Fig.  90).  The  Erysipheae  are  typical  epiphytes,  which  weave 
a  mycelium  over  the  surface  of  plants  they  attack ;  the 
mycelium  retains  its  hold  by  adhesion-discs  or  appressoria,  and 
from  certain  parts  of  these  a  fine  thread-like  process  is  given 
off,  which,  after  piercing  the  epidermal  wall  of  the  host,  swells 
inside    to    a   simple   or    branched   sac,    the    haustorium.      The 

English  translation  by  Professor 
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haustoria  of  Podosphatra  cattagnei  (Fig.  71)  are  bladder-like, 
those  of  Oidium  Tuckeri  are  lobcd. 

The  simplest  formation  of  haustoria  consists  in  an  outgrowth 
of  the  mycelium  which  depresses  the  cell-wall  of  the  host 
without  piercing  it  {e.g.  Peronospora  densa).  In  other  cases  the 
cell- wall,  at  first  only  depressed,  becomes  ultimately  broken 
through. 

Certain  lower  fungi  live  parasitic  on  other  fungi  and  adhere 
to  their  hyphae  by  means  of  well-developed  adhesion-discs  from 
which  haustorial  structures  are  formed  inside  the  hyphae  of  the 
host.  Thus  Pipioctpkalis  fresenia  is  parasitic  on  hyphae  of  some 
species  of  Mucor,  and  produces  from  a  swollen  bulb-like  appres- 
sorium  a  tuft  of  very  fine  haustoria  inside  the  Mucor-hypha.. 
Syncephalis  proceeds  even  further,  for  the  haustorial  process  grows 
and  branches  inside  the  host,  becoming,  in  fact,  an  endophytic 
mycelium.  A  further  advance  towards  endophytic  parasitism 
is  presented  by  the  Chytridiaceae,  low  forms  of  fungi  living 
on  algae  or  fungi ;  some  send  haustorial  structures  into  their 
host,  others  develop  a  mycelium  whose  attack  however  is 
directed  against  only  one  host-cell.  Fischer,  in  his  "Phyconiy- 
cetes,"  thus  describes  the  latter  forms :  "  The  vegetative  body, 
a  resting  swarmspore,  consists  of  a  spherical  or  ellipsoidal  part 
which  becomes  a  sporangium,  and  of  a  filamentous  vegetative 
portion  which  spreads  through  the  host-cell  as  a  hauBtorium  or 
mycelium  and  dies  away  after  the  formation  of  the  sporangium. 
This  primitive  mycelium  is  unicellular,  and  may  be  unbranched 
or  very  finely  branched." 

2.  Acquisition  of  nutriment  by  the  endophytic  parasitic 
fungi.  The  simplest  case  of  the  endophytic  mode  of  life  is 
presented  by  those  fungi  which  vegetate  in  the  epidermal 
membranes  of  their  hosts,  and  derive  their  nutriment  osmotically 
through  the  inner  cell-walls.  They  live  covered  by  the  cuticle, 
which  must  have  been  penetrated  by  an  infecting  hypha  at  the 
time  of  first  attack.  This  mode  of  life  is  exhibited  by  many 
fungi,  particularly  by  the  Exoatceae ;  the  mycelium  of  these 
vegetates  under  the  cuticle  of  the  host  plant,  and  ruptures  it  at 
the  time  of  ascus-formation.  In  spite  of  their  limited  distri- 
bution the  species  of  this  group  so  influence  the  development 
of  their  hosts  as  to  induce  pustule-like  outgrowths,  crumpling 
and  distortion  of  leaves,  and  even  "witches'  brooms."     In  some 
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of  the  Exoasctae  the  bases  of  the  aBci  penetrate  deeply  between 
the  walls  of  the  epidermal  cells,  so  forming  an  intermediate 
stage  leading  to  other  Exoasceae  and  endophytic  fungi,  with  a 
mycelium  growing  between,  or  in  the  cells  of  tissues  which  lie 
deeper  than  the  epidermis. 

The  mycelium  of  Cycloconium  oleaginum  grows  in  the  epi- 
dermal cell -membranes,  branching  dichotomonsly  under  the 
cuticle  and  sending  through  it  erect  hyphal  branches  for  pro- 
duction of  conidia.1  The  germinating  conidia  of  Sphacdoma 
ampdinum  are  said  by  De  Bary  to  penetrate  the  cuticle,  and 
to  produce  a  mycelium  which  spreads  thereunder  and  breaks 
out  just  before  formation  of  conidia,  Mycoidm  parasitica,  an 
alga,  lives  under  the  cuticle  of  leaves  of  Thea  and  Camellia. 

We  have  next  to  consider  fungi  with  a  mycelium  which 
lives  and  multiplies  in  the  intercellular  spaces  of  living  plants. 
Like  the  Exoasceae  just  mentioned,  they  push  their  way  between 
neighbouring  cells  and  spread  through  the  already  existing 
intercellular  spaces.  Numerous  Uredineae  behave  in  this  way, 
and  towards  the  period  of  reproduction  the  mycelium  is  capable 
of  increasing  so  much  that  the  cells  of  the  host-tissues  become 
isolated  and  even  displaced.  The  various  species  of  ffysterium 
have  an  intercellular  mycelium,  which  kills  those  cells  with 
which  it  comes  in  contact.  Certain  forms,  e.g.  Caeoma  pinitor- 
qaum  and  Peridermium  pint  (Fig.  247)  possess  a  mycelium 
which,  while  still  intercellular,  sends  off  here  and  there  little 
lateral  branches  into  the  host-cells.  It  is  an  easy  step  from 
forms  like  these  to  forms  whose  mycelium  is  no  longer  strictly 
intercellular,  but  derives  nutriment  by  means  of  specialised 
haustoria. 

HaoatorU  of  the  endophytic  Parasites. 

A  large  number  of  endophytic  parasites  frequenting  hosts  which 
do  not  immediately  succumb  to  their  attack,  possess  "haustoria" 
or  special  organs  for  the  acquisition  of  nutriment  from  the 
cells  of  the  host.  The  haustoria  are  lateral  outgrowths  of  the 
mycelium  with  a  limited  period  of  growth  and  a  more  or  less 
constant  form.  They  are  more  varied  in  form,  but  otherwise 
quite  comparable  with  haustoria  of  the  epiphytes,  especially 
with  those  of  the  Erysipheae.  One  of  the  simplest  forms  of 
1  Figure*  in  Ftinyhi  Paratitti,  Cavant  and  Brioai, 
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hauBtorium  on  an  endophytic  mycelium  is  that  exhibited  by 
the  parasite  Cyatopus ;  the  hyphae  send  off  very  fine  filaments 
which  penetrate  the  walls  of  a  host-cell  and  swell  up  to  little 
button-like  sacs.  Many  Feronosporeae  {P.  pygmaea,  P.  nivea, 
P.  viticola  and  Phyiophtkora  omnivora)  have  haustoria  of  the 
form  just  described,  whereas  others  have  them  thread-like  and 
branched  (P.  calotheca  of  the  woodruff),  or  crenately  lobed  (P. 
parasitica). 

Amongst  the  species  of  Uredineae  and  Ustilagineae,  haustoria 
are  not  uncommon  and  present  many  varied  forms.  They  are, 
however,  few  in  number,  or  confined  to  certain  parts  of  the 
mycelium,  so  that  they  may  be  easily  overlooked. 

Haustoria  in  the  form  of  long  sacs  of  various  lengths  are 
produced  by  Melampsora  Ooeppertiana  in  the  tissues  of  both 
cowberry  and  fir-needle.  Gymnosporangium  in  juniper  has 
occasionally  very  delicate  button-like  haustoria.  Endophyllum 
aempervivi  in  the  house-leek  has  haustorial  branches  which, 
according  to  Zopf,  are  coiled  together  and  anastomose  frequently 
with  each  other.  Tuburcinia  amongst  the  Ustilagineae  possesses 
short  branched  haustoria  resembling  one-sided  clusters,  and 
Melanotaenium  endogmum  has  similar  haustorial  tufts  even  more 
branched.1  Uroeyttis  pompholygodes  in  Hepatica  triloba  has  spirally 
coiled  haustorial  hyphae,  while  TiMetia  endopkylla,  Sorosporium 
taponariae*  and  many  species  of  Ustilago,  have  haustoria  with 
the  form  of  knotted  hyphae. 

Amongst  the  Hymenomycetes,  Exdbasidium  vaccinii  forms 
a  mycelium  which  permeates  the  host-tissues  with  numerous 
hyphae,  but  the  only  haustoria  are  hyphae  which  here  and 
there  penetrate  into  a  cell.  No  haustoria  hare  as  yet 
been  found  amongst  the  Basidiomycetes,"  Pyrenomycetes,  or 
Discomycetes.  The  two  groups  last-mentioned  have  an  inter- 
cellular or  intracellular  mycelium,  which  as  a  rule  quickly 
kills  all  cells  with  which  it  comes  in  contact 

1  Sencktsbtrgitchc  notwfoneh.  Qtx.  Abhandt.  1880.     Plates  I.  and  IV. 

■/ViiwaAnm'*  Jahrbueh,  1869.     Plates  VII.,  VIII. 

■Sarauw  has  figured  haustoria  In  mycorhiza  of  beach,  without  however 
determining  exactly  whether  they  belonged  to  a  Hymenomycete.  Reess  also 
flguree  similar  organs  on  mycorhiza  produced  by  one  of  the  Tnberaoaae. 
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CHAPTER  II. 
REACTION  OF  HOST  TO  PARASITIC  ATTACK. 

The  reaction  of  the  host  to  the  attacks  of  parasitic  fungi  is 
fairly  constant  for  the  same  host  and  fungus.  The  various 
fungi,  howeveT,  exert  on  the  same  host-plant  each  an  influence 
of  its  own,  while  different  host-plants  behave  very  differently 
under  attacks  of  the  same  fungus. 

§  4.    EFFECT  OF  PARASITIC  FUNGI  ON  THEIR  HOST.1 
A.    Killing  of  Host-Cblls.1 

1.  Absorption  of  living  cell-content  by  parasitic  fungi 
The  lower  fungi  give  us  examples  of  the  simplest  mode  in 
which  fungus-parasites  draw  nutriment  from  their  host-cells ; 
particularly  those  forms  parasitic  on  algae  or  other  fungi. 
The  most  primitive  of  all  are  numerous  species  which,  applying 
themselves  to  a  host-cell,  bore  through  its  walls  and  enter 
the  cavity.  There  they  derive  nutriment  at  the  cost  of  the 
living  cell-content, — the  plasma,  cell-sap,  chloroplasts,  starch 
grains,  eta, — and  finally  kill  the  cell.  The  host-cell  does 
not  survive  the  later  development  and  reproduction  of  the 
parasite.      The  effect  of  the  fungus  is  however  limited  to  the 

'Billroth  ("Uber  die  Einwirkimgeu  lebender  Pflaineii  und  Thierzellen  aufeinan- 
der,"  Sammlung  Medic.  Schriften.  Wiener  klin.  WochenblaU,  1890),  compares  in  a 
masterly  way  the  effects  of  micro-  organ  isms  and  of  injuries  on  animal  and  Vege- 
table tissues.  He  employe  Virchow's  terms  "formative  stimulus"  and  "formative 
irritability  "  ;  the  former  to  denote  the  capacity  of  micro-organisms  in  producing 
outgrowths  of  definite  form  or  the  formation  of  new  tissues ;  the  latter,  the 
capacity  of  the  tissues  to  react  to  such  stimuli,  and  to  produce  outgrowths, 
etc  A  comparison  of  the  external  phenomena  of  fungoid  diseases  in  the  case 
of  animals  and  plants  recently  formed  the  subject  of  a  short  paper  by  Lewin. 

1  Peru  iciasm  us. 
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cell  attacked  which  is  at  once  killed  before  it  can  enlarge  or 
otherwise  react  to  the  influence  of  the  intruder.  Good  examples 
of  such  parasites  are  presented  by  some  of  the  Chytridiaceae 
—the  Archimycetes  of  Fischer — which,  as  a  rule,  inhabit  only 
isolated  cells  of  their  respective  host-plants.  This  mode  of 
nutrition  is  equivalent  to  that  of  the  Myxomycetes  and  Mycetozoa, 
which  absorb  the  cell-contents  after  completely  enveloping  the 
living  cell,  or  after  slipping  inside  or  sending  a  haustorial  process 
into  it 

A  second  series  of  parasites  consists  of  those  which  live 
on  the  contents  of  the  host-cell,  and  give  it  time  to  react  to 
the  stimulus  exerted  by  the  intruder.  The  reaction  generally 
results  in  a  cell-enlargement  or  fungus-gall,  which  in  the  simpler 
cases  includes  one  cell  only.  The  gall  harbours  one  or  more 
parasites,  which  gradually  use  up  the  cell-contents.  As  examples 
we  have  Olpidium  tumaefaciens  and  0.  uredinis,1  Pseudolpidium 
mprolegniae,  Olpidiopsti  mprolegniae,  Rhizomyxa  hypogaea*  etc. 
A  specially  striking  case  is  that  of  Pleotrachdus  fulgent,  which 
causes  the  rudiment  of  the  sporangiophore  of  PUobolus  Kleinii 
to  become  hypertrophied  and  gall-like.8 

We  have  as  a  third  aeries  those  parasites  which  penetrate 
into  living  cells  and  absorb  their  contents,  at  the  same  time 
stimulating  the  host-cell  to  abnormal  and  increased  growth,  as 
well  as  some  surrounding  cells  not  directly  in  contact  with  the 
fungus.  In  this  case  the  parasite  exerts  a  far-reaching  effect, 
and  produces  a  gall  composed  of  more  than  one  cell.  Species  of 
Synchytrium  are  examples.  The  fungus  itself  penetrates  into  one 
cell  only,  which  enlarges ;  but  simultaneously  the  surrounding 
cells  grow  and  multiply  to  form  a  wall  or  rampart  enclosing  the 
cell  originally  attacked.  Other  parasites  do  not  absorb  the 
host-contents  as  a  whole,  but  only  withdraw  osmotic  substances 
by  means  of  delicate  processes  of  the  fungus-hyphae.  These 
haustoria  penetrate  the  wall  of  the  host-cell,  but  the  fungal 
protoplasm  inside  them  remains  separated  from  the  host-proto- 
plasm by  a  delicate  membrane.  In  the  case  of  the  vine-mildew 
and  some  other  Erysipheae,  the  cells  thus  preyed  on  turn  brown 
and  die.     With  other  related  forms  {e.g.  Spkaerotheca  castagnd), 

'See  Fischer's  Phyeomyetla. 

*Thu  causes  a  ilight  dwelling  of  the  root-hairs  of  various  plant*  and  absorbs 
their  content. 

'Zopf,   BdtrOgt  ;tir  Phj/tiol.  u.    Horphol.   nitd.    Organiemen,  II.    1892. 
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absorption  by  haustoria  results  in  a  deformation  and  distortion 
of  attacked  organs,  which  embraces  even  cells  far  distant  from 
the  point  of  attack,  yet  without  death  following  directly  to 
any  cell. 

2.  Absorption  of  cells  or  tissues  by  parasitic  fungi.  The 
total  absorption  of  cells  or  tissues  by  parasitic  fungi  constitutes 
a  special  form  of  cell-destruction.  Cases  of  this  kind  occur 
particularly  amongst  the  Ustilagineae.  Thus  Urocystia  violae  so 
stimulates  the  cells  of  Viola  that  they  divide  and  produce  a 
delicate  tissue,  rich  in  protoplasm ;  this  nutritive  tissue  is  used 
up  when  spores  are  formed,  but  without  any  great  detriment  to 
the  host-plant.  At  the  time  of  spore-formation  of  other  Ustila- 
gineae a  great  destruction  of  the  host-tissues  may,  however, 
take  place ;  this  is  especially  marked  in  attacks  of  Ustilago 
maydis,  U.  avenae,  Tilletia  tritici,  on  the  ovaries  of  their 
respective  hosts,  as  well  as  in  other  cases  to  be  considered 
later. 

3.  Killing  of  host-cells  and  tissues  by  fungi  which  excrete 
ferments.  The  simplest  case  under  this  heading  is  presented 
by  species  of  Sclerotinia  studied  by  De  Bary,  eg.  Scl.  sclerotwrum. 
The  mycelium  of  these,  while  still  lying  on  the  outer  surface  of 
the  host-plant,  excretes  a  ferment  which  sinks  through  the  mem- 
branes into  the  cell-cavities,  causing  death  to  the  protoplasm  and 
even  destruction  of  whole  tissues. 

A  similar  process  may  be  assumed  in  the  case  of  numerous 
fungi  with  a  mycelium  which  grows  only  in  the  intercellular 
spaces,  yet  causes  immediate  death  to  any  cell  it  may  touch. 
This  is  the  case  with  many  leaf-spot  diseases,  like  those  due  to 
Cercospora,  Hysttrium,  etc.  So  also  do  the  apices  of  rhizomorph- 
strands  kill  portions  of  the  bast  of  living  Conifers  with  which 
they  may  come  in  contact.  The  rapid  death  of  tissue  following 
the  attack  of  such  deadly  fungi  as  Phytophth&ra  is  probably 
due  not  altogether  to  the  deprivation  of  nutriment,  but  also  to 
the  effects  of  a  poisonous  excretion.  This,  however,  has  not  as 
yet  been  satisfactorily  ascertained. 

B.     Killing  or  Organs  ob  Whole  Plants. 
A  large  number  of  fungi  have  a  mycelium  which  never  ex- 
tends beyond   a   very  short  distance  round  the  point  of  first 
infection,    and    causes    only    local    disease,   frequently   with    no 
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perceptible  disturbing  effect  on  the  host.  Such  is  the  case 
particularly  with  leaf-spot  diseases ;  the  tissues  of  isolated  spots 
are  killed  and  fall  out,  the  leaf  appearing  as  if  perforated  by 
shot,  but  otherwise  exhibiting  no  discoloration  or  other  symptom 
of  disease.  In  contrast  to  these  there  are  fungi  which,  directly 
or  indirectly,  bring  about  death  of  their  host  or  some  part  of  it. 

The  simplest  example  of  parasitic  fungi  killing  their  host 
directly  is  presented  by  one-celled  or  few-celled  plants,  which 
soon  succumb  to  attack  even  on  a  single  cell.  "Where,  however, 
the  host  is  a  highly  organized  plant,  its  organs  will  resist  the 
attack  of  the  parasite  for  some  time.  Thus  with  Phytopkthora 
fagi,  the  mycelium  spreads  rapidly  through  the  tissues  of  a 
seedling,  so  that  death  ensues  in  a  few  days.  Similarly  species 
of  Peronospora  rapidly  kill  leaves,  branches,  and  fruits ;  likewise 
Cladosporium,  Septoria  parasitica,  and  others. 

Somewhat  different  in  their  action  are  those  fungi  which 
kill  some  tender  part  of  a  plant  directly,  and  thereby  in- 
directly further  the  death  of  other  parts  dependent  thereon. 
As  examples,  take  Pestalozzia  Hartigii  (Fig.  301)  and  Phoma 
abietina  (Fig.  293),  which  kill  only  some  small  portion  of  a 
young  plant  or  branch,  but  thereby  cause  drying-up  of  higher 
or  distal  parts.  Gibbera  merinii  on  stems  of  cowberry  (Fig.  96) 
is  another  example.  Similarly  cankers  arising  from  Nectria 
ditissima  (Fig.  80),  or  Peziza  Willhowmii.  Again,  Agaricus 
mdleus  and  Trametes  radiciperda  kill  roots  or  lower  portions  of 
the  stein,  and  bring  about  the  death  of  trees  of  all  ages. 

The  case  varies  somewhat  with  certain  wound-parasites  like 
Nectria  cinnabarina  and  OucurbUaria  labumi.  There  the  my- 
celium extends  so  vigorously  in  the  water-conducting  organs, 
as  to  kill  them  and  fill  up  the  vessels,  causing  thereby  so 
serious  a  disturbance  in  conduction,  that  branches  or  whole 
plants  wither  away  in  summer.  The  wood-destroying  Polyporeae 
and  Agaricini  act  similarly,  although  more  slowly ;  they  attack 
large  branches  and  stems,  destroying  all  parts  of  the  wood, 
duramen  as  well  as  sap-wood,  and  finally  the  bark. 

There  are  also  cases  where  organs  of  the  attacked  host 
remain  alive,  but  suffer  on  account  of  the  hypertrophy  of  other 
parts.  In  this  way  portions  of  a  plant  may  be  killed  although 
not  directly  the  seat  of  the  parasite.  This  is  particularly  the 
case  where  hypertrophied  organs  undergo  increased  growth  and 
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utilize  the  water  which  would  otherwise  have  ascended  to 
higher  parts  of  the  branch-system  (Fig.  3).  It  must  indeed 
be  assumed  that  the  latter  are  preyed  on  by  the  hypertrophied 
parts  and  give  up  plastic  material,  which  they  would  otherwise 
have  utilized  themselves  or  stored  up  as  reserve  material 
On  branches  attacked  by  mistletoe  and  other  phanerogamous 
parasitica,  it  can  easily  be  observed,  particularly  on  broad - 
leaved  trees,  that  a  supporting  branch  grows  vigorously  in  the 
parts  under  the  influence  of  the  root-system  of  the  parasite, 
whereas  the  distal  parts  of  the  same  branch-system  remain 
stunted  and  finally  die.  The  mistletoe-bush  thus  comes  to  form 
the  termination  of  the  supporting  branch.  If,  in  consequence 
of  this,  the  branch  ceases  to  produce  the  leaves  necessary  in 
preparing  food  for  it,  then  like  every  other  leafless  branch  it 
dies.  Such  branches  carrying  leaves  of  the  mistletoe  alone  may 
frequently  be  found  on  firs,  pines,  and  broad-leaved  trees ; 
even  whole  tree-summits  have  been  seen  on  the  silver  fir  with 
every  branch  terminated  by  a  mistletoe-tuft,  not  unlike  some 
huge  candelabrum. 

In  a  similar  manner  a  witches'  broom,  developed  from  a 
lateral  bud,  exhibits  throughout  an  increased  growth,  while  the 
branch  supporting  it  remains  thin  and  dies  from  the  insertion 
of  the  broom  outwards.  So  also  in  attacks  of  Gymnosporangium 
on  juniper  it  may  be.  observed  that  the  parts  attacked  have 
their  growth  much  accelerated  and  many  of  their  dormant  buds 
developed,  while  the  distal  parts  of  the  same  branch  die  off. 
In  all  such  cases  it  is  quite  probable  that,  as  the  distal  parts 
die  back,  any  food  material  which  they  may  contain  finds  its 
way  into  the  hypertrophied  region. 

0.     Shortening  of  Life. 

Many  fungi  inhabit  a  plant  without  disturbing  the  develop- 
ment of  any  part  or  causing  immediate  death,  yet  with  such 
effect  that  the  vegetative  period  of  the  organ  in  question 
terminates  earlier  than  normally. 

A  very  striking  example  of  this  is  presented  by  the  needles 
of  silver  fir  on  the  witches'  brooms  caused  by  Aecidium 
elatinum.  The  needles  normally  vegetate  for  several  years, 
but  when  influenced  by  this  parasite  they  live  only  a  single 
season.     So  also  needles  of  spruce  attacked  by  Aecidium  cor- 
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Fio.  3.— -ExtxuniM  etnui.  Witches'  broom  of  cherry.  The  supporting  branch  U 
daad  Irom  i tn  mpu  buknudi  to  the  seat  of  an  Infected  lateral  bud,  which  haa 
doiolopod  into  a  witchee'  broom.  On  the  true  the  •upporting  branch  pointed 
allghtly  mora  downward!  then  la  ihawn.    )  natural  Mm.    (».  Tubeuf  phoL) 
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uscans,  which  may,  in  addition,  bring  about  death  of  the  whole 
shoot.  Needles  of  spruce  beset  by  aecidia  of  Chrysomyxa 
rhododmdri  are  cast  after  reproduction  of  the  fungus  iu  August 
or  September,  while  with  Ckrysomyxa  abietis  the  needles  of 
Conifers  fall  in  May.  The  latter  examples  differ  somewhat 
from  the  former  in  that  the  mycelium  lives  in  the  witches* 
broom  for  years,  and  continues  to  send  out  new  shoots  with 
deformed  needles,  whereas  in  the  Ckrysomyxa  attack  the  my- 
celium is  confined  to  the  needles  and  falls  with  them. 

Examples  from  other  groups  of  fungi  are  the  witches'  brooms 
of  Alnits  incana  caused  by  Exoaacus  epiphyttus.  The  leaves  of 
these  are  fully  developed  though  somewhat  modified  in  form ; 
their  life-period  is,  however,  shorter  than  that  of  normal  leaves, 
and  they  fall  earlier.  It  may  be  observed  here  that  this 
phenomenon  of  premature  defoliation  is  one  recorded  as  a 
consequent  of  many  parasites.  The  witches'  broom  twigs  of 
the  alder  grow  and  produce  buds  almost  normally,  yet  the 
whole  broom-system  dies  in  a  few  years,  and  long  before  the 
normal  life-period  of  the  tree. 

The  war  of  extermination  by  mycelium  against  host-plant 
may  frequently  last  for  a  very  long  time.  Hartig  gives  an 
example  of  a  larch  which  had  carried  on  the  combat  with  the 
larch-canker  (Peziza  WUlkommii)  for  over  eighty  years,  because 
during  active  vegetation  of  the  host  the  parasite  was  unable  to 
make  headway. 

D.    Premature  Development  or  Buns. 

The  unfolding  of  buds  in  spring  in  advance  of  those  of 
normal  plants  is  also  a  feature  of  many  diseased  plants.  This 
is  manifest  in  the  earlier  unfolding  of  buds  on  witches'  brooms 
of  the  silver  fir  and  cherry.  The  alder  witches'  broom,  already 
referred  to,  is  however  exceptional,  in  that  its  buds  open  after 
those  of  normal  twigs.1 

A  premature  flowering  may  also  result,  so  that  flower-buds 
formed  in  summer  unfold  the  same  autumn  instead  of  during  the 
following  spring.  Thus  in  a  recent  autumn  a  violet  opened 
in  a  plot  in  the  garden  of  Professor  Hartig  in  Munich.  The 
flower  was  found  to  be  somewhat  stunted,  and  its  stalk  beset 
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by  pustules  of  Wrocyslis  violae,  the  mycelium  of  which  had 
perennated  in  the  stem.  Kerner  in  his  "  Pflanzen-leben "  * 
mentions  a  similar  case  where  flowers  of  Primula  cltmana  and 
P.  minima  attacked  by  Uromyces  primidae  integrifoliae  unfolded 
prematurely  in  autumn. 

R     Pbkbsrvation  or  the  Host-Plant  and  of  Host- Tissues. 

(CoSSERVATION.) 

In  contrast  to  those  parasites  which  attack  a  plant,  or  parts  of 
it,  and  immediately  kill  it  or  otherwise  exert  a  direct  destructive 
influence,  we  have  these  which  live  for  a  longer  or  shorter  period 
with  their  host  without  producing  such  an  effect.  Cohabitation 
of  this  kind  may  last  only  for  a  short  time  and  terminate  with 
the  first  reproductive  period  of  the  fungus,  or  it  may  last  for 
years  as  a  perennating  symbiosis,  or  as  a  perpetual  one  like  that 
of  lichens. 

This  phenomenon  is  particularly  conspicuous  amongst  the 
Uredineae.  These  throughout  their  whole  development  adapt 
themselves  to  an  existence  with  living  host-cells,  so  that  the 
latter  die  only  after  the  reproduction  of  the  fungus.  Frequently 
the  mycelium  lives  in  perennial  organs  for  a  length  of  time, 
even  for  many  years.  The  attacked  parts  are  of  course  injured 
to  a  certain  extent,  and  hypertrophy  of  the  most  varied  kind, 
accompanied  by  characteristic  phenomena,  may  take  place,  yet 
this  only  towards  the  termination  of  the  period  of  development. 

The  Ustilagineae  are  in  a  similar  manner  adapted  to  an  exis- 
tence in  living  organs,  and  there  produce  their  spores.  At  the 
time  of  spore-formation  and  liberation  they  are  deadly  enemies  of 
their  host-tissues,  yet  previous  to  this  they  vegetate  in  the 
living  tissues  with  little  or  no  apparent  injurious  effect.  Some 
like  UdHago  perennans,  even  pass  the  winter  in  the  living  host- 
tissue  withont  killing  it. 

The  individual  species  of  the  Hysteriaceae,  Discomycetes, 
Pyrenomycetes,  Hyinenomycetes,  and  lower  fungi  differ  very 
much  in  their  action ;  many  of  them  inhabit  living  tissues  for  a 
length  of  time  without  injurious  effect,  while  not  a  few,  like  the 
Exoasceae,  even  perennate  from  year  to  year.  The  galls  pro- 
duced as  a  result  of  Exobasidium  do  not  die  till  the  fungus  has 
reproduced  itself.     It  is  unnecessary  at  this  place  to  give  details 

1  English  Edition,  Natural  Hiilory  of  Plant*  (Oliver),  II.,  p.  625. 
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of  other  examples,  since  many  of  these  will  be  referred  to  again 
in  other  chapters,  particularly  when  hypertrophy  is  under  consi- 
deration. 

§  0.    EFFECT    OF    PARASITIC    FUNGI   ON    THE    FORM    OF 
THE    HOST-PLANT. 

1.  Arrest  of  growth,  and  Atrophy.      While  a  large  number 
of  fungi  produce  more  or  less  extensive   enlargement  of  parts 
of  their  host,  others  cause  arrest  of  organs,  crippling,  impoverished 
nutrition,  and  even  atrophy  of 
an  extreme  kind.    Incompletely 
developed  organs  of  this  kind 
may  originate  even  where  the 
fungus   in   possession   produces 
only    local    hypertrophy.      In- 
teresting examples  are  presented 
by  many  species  of  Synchytrium 
(e.g.  S.   taraxacum  and  S.   ane- 
mones).      The  former  is  endo- 
phytic in  Taraxacum,  and  exerts 
a  stimulus  resulting  in  increased 
growth,    not     limited     to     the 
single    cell    attacked,    but    ex- 
tending  to   neighbouring   cells, 
m.4.-&H*«w*«f»«»cf.  Partuutwphy    which,  in  consequence,  multiply 
Z£^"£rSZS&£?'b-   AbouM    and  form  a  ring-like  swelling 
round    it.       The    leaves    as    a 
whole,  however,  are  poorly  developed,  so  that  the  lamina  in 
very  extreme  eases  may  be  represented  only  by  the  midrib  and 
narrow  margin  (Fig.  4) ;  while  on  leaves  attacked  on  one  side, 
that   side   alone   is   stunted,   the   other   is   normal.      Taraxacum 
leaves    badly   attacked    by   Puccinia    are    not    at   all   deformed, 
whereas  those  of  Anemone  show  striking  arrest  of  growth  (Fig. 
190).     Leaves  of  Cir&ium,  attacked  by  Puccinia  suaveolens  exhibit 
an    arrest   of  the   same   kind,  remaining  less   divided  and   of 
softer  texture  (Fig.  186). 

Flowers  affected  by  parasitic    fungi    present    many   striking 
malformations.       Magnus 1    describes    such    a   case   in   Anemone, 
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ranunadaides  under  the  influence  of  Aetidium,  punctatitm.  In 
the  simpler  cases  the  floral  leaves  were  narrow,  elongated,  and 
greenish,  stamens  were  formed  but  not  carpels ;  in  more  pro- 
nounced cases,  the  petals  were  only  represented  as  small,  simple, 


Flo.  B. — Cborrv  tin  In  bloaom,  with  three  "witch™'  brooms"  tn  foUlgs. 
(*.  Tuh»u(  phot.) 

stalked,  green  leaves,  the  stamens  were  reduced  in  number  and 
there  were  no  carpels.  One  case  exhibited,  in  place  of  a  flower, 
only  two  leaflets  terminating  the  flower-peduncle,  one  of  them 
palmately  divided. 
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True  atrophy  is  best  seen  in  those  cases  where  flower-forma- 
tion is  suppressed.  This  effect  of  parasitic  fungi  on  their  host  is 
by  no  means  uncommon,  the  fungus  alone  reproducing  itself, 
while  the  assimilating  host-plant  remains  sterile.  This  atrophy 
is  found  not  only  in  annual  plants,  but  also  in  those  where  the 
symbiosis  might  be  designated  as  perennial.  The  last-mentioned 
case  is  exemplified  in  Aeeidium  elatinum,  the  witches'  broom  of 
which  never  bears  flowers  ;  again,  by  witches'  brooms  of  Exoascus 


Flo.  «,— Bupkorbia  C^puriaiat.    A  tKalthy  fln*erl 


cerasi  (Fig.  5),  which  bears  only  leaves  when  the  rest  of  the 
tree  is  in  blossom.  Another  perennial  symbiosis  behaving  thus 
is  shown  in  Euphorbia  Cyparissia*  attacked  by  Aecidium 
euphorbiae ;  year  after  year  the  diseased  shoots  produce  only 
leaves,  which  assist  in  the  reproduction  of  the  fungus  (Fig.  6). 
Similarly  with  many  other  Uredineae. 

■  Arrest  of  the  seed  occurs  in  ovaries  of  species  of  Primus  under 
the  influence  of  Exoasci  (Fig.  7).    In  flowers  attacked  by  Cystopw 
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the  ovules  become  atrophied,  whereas  the  rest  of  the   flower 
is  hypertrophied.       Similarly  with 
flowers   of  cowberry  deformed  by 
Exobasidium. 

2.  Hypertrophy. — Many  para- 
sitic fungi  cause  abnormal  enlarge- 
ment or  other  malformation  of 
plants  which  they  attack.  The 
simplest  case  of  hypertrophy  ie 
seen  in  the  enlargement  of  a  uni- 
cellular plant  as  a  result  of  an  < 
endophytic  parasite,  eg.  PUobolus 
Kleinii  with   Pleotrackelus, 

The  same  example  is  also  the 
simplest  possible  case  of  a  gall 
caused  by  a  plant,  and  distin- 
guished by  the  name  of  "fungus- 
galls  "  or  Mycocecidia,  from  Zooce- 
cidia,  the  galls  caused  by  animals. 

T  ,,  ,  F[o.  7.— Fruit  of   plum  deformed  bj 

Larger       gallS       OCCUr       On        leaves      Bxvxxxu  P™«i;  the  .tons  U  .brivelled 

attacked  by  Synchytrinm,  where  Soto"*'*  t"1"™1*1"  ('TubMf 
not  only   the  single   cell    attacked 

becomes  enlarged,  but  also  the  surrounding  cells;  these  galls, 
however,  form  but  tiny  points  on  diseased  leaves.  Similar 
small  and  local  enlargements  of  the  leaf-cells,  accompanied 
frequently  by  cell  multiplication,  are  caused  by  many  other 
fungi,  e.g.  species  of  Exoascus.  More  extensive  malformation  may 
embrace  some  part  or  even  the  whole  leaf,  so  that  it  is  more 
or  less  enlarged  and  beset  with  blister-like  outgrowths,  as  with 
other  Exoasceae  (see  Figs.  62  and  64).  Other  gall-forms  are 
presented  by  Exobasidium  on  the  alpine-rose  (Fig.  259),  where 
the  gall  is  always  localized  to  a  small  area  of  the  leaf,  and 
on  the  cowberry,  where  the  gall  may  extend  over  whole  leaves, 
and  even  include  the  shoot  (Fig.  256). 

Hypertrophy  of  the  whole  shoot,  resulting  in  elongation  and 
thickening  of  the  twigs,  is  a  phenomenon  frequently  met  with 
in  the  "  witches'  brooms,"  to  be  referred  to  later.  And  just 
as  entire  branch-systems  may  become  hypertrophied  and  elon- 
gated, so  may  whole  plants,  if  the  mycelium,  instead  of  remaining 
localized,  spreads  throughout  the  plant     Examples  of  this  will 
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be  described  when  we  consider  Euphorbia  with  Aeeutium 
euphorbiae  (Fig.  6),  house-leek  with  Endophyllum,  anemone  with 
Aecidium  (Fig.  190),  and  cowberry  with  Calyptospora  (Fig.  202). 
Where  plants,  like  the  cowberry  and  anemone,  live  in  com- 
munities, then  these  elongated  individuals  rise  above  their 
healthy  neighbours,  and  the  fructifying  fungus  has  a  better 
chance  of  having  its  spores  distributed  by  wind.  It  must, 
however,  be  observed  that  when  hypertrophy  of  a  whole  shoot 
or  plant  occurs,  every  part  need  not  be  enlarged  to  a  propor- 
tionate extent;  in  fact  some  parts  generally  remain  abnormally 
small,  e.g.  leaves  in  cases  of  rusts  upon  cowberry,  fir,  anemone, 
and  others.  On  the  other  hand,  both  shoots  and  leaves  may 
be  abnormally  enlarged,  as  in  cases  of  alder  with  Exoaseus 
Tosquinetii  or  Ex.  epipkyllus.1 

Hypertrophy  of  the  roots  occurs  on  alder,  where  large  tubers 
are  produced  by  Frankia  (Fig.  21).  On  Leguminosae,  tubercles 
of  various  sizes  are  caused  by  Rhizobium,  (Fig.  22).  Boots 
of  Juncus  develop  thick-lobed  outgrowths  as  a  result  of  Sckinzia 
(Fig.  179),  Roots  of  turnip  infested  by  Plasmodiophora  have 
irregular  swellings  of  all  Bizes  (Fig.  315).  Mycorhiza  frequently 
exhibit  tubercles  or  balls  formed  by  the  massing  together  of 
very  short  dichotomously  branched  rootlets  into  clumps  (Fig.  18). 
Cycad-roots,  under  the  influence  of  Rhizobium  and  Nostoc,  also 
exhibit  hypertrophy.* 

We  shall  now  proceed  to  consider  hypertrophy  of  the  repro- 
ductive organs,  and  at  the  same  time  to  notice  some  other 
changes  induced  in  the  flower  by  parasitic  fungi 

Influence  of  parasitic  fungi  on  the  development  of  reproductive  organs 
of  host-plant 

Disease  of  the  flower  and  fruit,  when  not  caused  by  fungi 
which  kill  the  cell,  generally  causes  striking  floral  malformation. 
These  we  may  group  as  follows: 

1.  Atrophy  or  total  suppression  of  flowers. 

2.  Arrested  development  of  flowers. 

3.  Development  of  rudimentary  organs. 

4.  Abnormal  formation  of  flowers. 

5.  Hypertrophy  of  parts. 

6.  Transformation  into  sclerotia. 

'See  alto  f  7.  'Schneider,  Botanical  Gazette,  189*,  p.  25. 
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The  two  first  cases  have  already  been  considered.  The  arrest 
of  the  flowers  of  anemone,  as  a  result  of  Aecidivm  punctatvm, 
is  a  further  example  of  Case  2,  and  at  the  same  time  exemplifies 
Case  4,  in  that  the  floral  leaves  become  green  foliage  leaves, 
though  of  a  very  stunted  kind.  The  petals  of  Cruciferae  hyper- 
trophied  under  the  influence  of  Cystopus  caiididus  often  become 
green,  and  at  the  same  time  much  altered  in  shape. 

A  particularly  interesting  case  iB  presented  by  the  develop- 
ment of  the  stamens  of  the  pistillate  flowers  of  Lychnis  dioica 
infested  by  the  mycelium  of  Vstilago  vwlacea.  These  stamens 
normally  remain  rudimentary,  but  in  the  diseased  abnormal 
flowers  become  fully  developed  like  those  of  the  staminate 
flowers,  except  that  the  spores  of  the  parasite  replace  the 
pollen  in  the  anthers.  Giard '  has  designated  this  phenomenon 
as  "castration  parasitaire,"  and  he  distinguishes  three  modifica- 
tions amongst  unisexual  flowers. 

(a)  Stamens  appear  in  pistillate  flowers  ("androgene  castration 
parasitaire ").  This  occurs,  as  already  mentioned,  in  pistillate 
flowers  of  Lychnis  dioica  frequented  by   Ustilago. 

(b)  Ovaries  are  developed  in  staminate  flowers  ("  castration 
thelygen ").  Examples :  Carex  praccox  with  Ustilago  caricis, 
Such  foe  dactyloides  with  TUktia  buchloeana,  and  Andropogon 
provincialis  with    Ustilago  andropogonis. 

(c)  In  flowers  of  either  sex  the  sexual  organs  of  the  other 
appear  in  consequence  of  the  influence  of  the  parasite  ("amphigeue 
castration  parasitaire").  Giard  compares  these  cases  with  that 
of  the  development  of  the  organs  of  the  latent  sex  in  animals, 
eg.  of  cock's  feathers  on  an  old  ben,  or  growth  of  horns  on 
castrated  or  "  gimmer  "  animals.  In  both  cases  the  phenomenon 
is  due  to  the  same  cause;  in  the  animals  the  organs  of  the 
latent  sex  appear  as  the  result  of  the  normal  organs  becoming 
functionless  or  being  destroyed  by  castration;  in  the  plants 
through  stimulation  of  the  latent  rudiments  by  the  fungus, 
which  does  not,  however,  cause  suppression  of  the  organs 
already  present  In  some  respects  the  phenomenon  is  comparable 
with  what  happens  when  the  terminal  shoot  of  a  tree  is  lost 
and  some  neighbouring  lateral  shoot  turns  vertically  upward 
to  replace  it. 

The    effect    of   fungi    on    the   reproductive   organs   of   plants 
1  Mtuigin  and  Giard,  Bulletin  xcitnt.  dt.  la  France  et  dt  la  BtUjiqur,  1S84. 
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may  also  be  seen  amongst  lower  cryptogamie  plants,  two  cases 
of  which  may  be  mentioned  here.1  Pleotrachelua  fulgent, 
inhabiting  the  mycelium  of  Pilobolus  Kleinii,  causes  the 
formation  of  galls  and  the  suppression  of  sporangia,  while  at 
the  same  time  zygospores,  normally  rare,  occur  in  large 
numbers.  Likewise  a  species  of  Syncephalis  parasitic  in  Pilobolus 
crystallinus  causes  suppression  of  sporangia  and  stimulates 
formation  of  zygospores. 

The  transformation  of  floral  organs  may  resemble  that  observed 
by  De  Bary,  in  which,  as  a  result  of  attack  of  Peronospora 
violacea  on  Knaviia  arvensis,  the  stamens  appeared  in  the  form 
of  violet  petals.  Doubling  of  flowers  is  also  caused,  aB  in 
Sapojiaria  officinalis,  under  the  influence  of  Ustilago  saponariae, 
and  Compositae  with  Peronospora  radii. 

The  TJstilagineae,  perhaps,  cause  the  greatest  amount  of  varia- 
tion on  the  flower,  because  many  of  them  produce  their  spores 
in  the  floral  organs  of  their  host  Thus,  in  the  anthers  live 
Ustilago  violacea,  holostei,  scabiosae,  intermedia,  succisae,  betonicae, 
major,  scorwnerae,  capensis,  pinguicolae,  Vaillantii,  and  Tuburcinia 
primulieola ;  the  last  named  also  occurs  in  ovaries  and  stigma. 
So  also  do  many  others  inhabit  the  ovary  or  some  other  part. 
Many,  like  Ustilago  maydis,  form  spores  throughout  the  plant 
as  well  as  in  the  flower,  and  bring  about  hypertrophy  and 
destruction  of  parts.  Amongst  these  are  UstiUtgo  avenae, 
perennans,  hordei,  nvda,  tritici,  panici  mUiacei,  reiliana,  omenta, 
sorghi,   Crameri,  caricis,  tragopogonis,  Tilletia  laevis,  etc 

Cystopus  (Fig.  35)  causeB  very  characteristic  hypertrophy 
of  all  parts  of  the  flower,  particularly  an  enormous  outgrowth 
of  the  ovaries  and  floral  envelopes,  whereas  other  parts  are 
arrested  in  their  growth.  Wakker  investigated  a  number  of 
Cruciferae  with  flowers  deformed  by  this  parasite,  and  found 
variations  in  the  form  and  anatomy  of  the  deformations 
produced  on  the  different  host-species. 

Exobasidium  also  causes  well-marked  hypertrophy  of  flowers, 
and  even  of  the  whole  inflorescence  of  cowberry.  Woronin  * 
describes  and  figures  such  cases  (Fig.  256).  All  parts  of 
the  flower  may  be  attacked  and  grow  to  a  great  size,  becoming 


Torn  Acta  d.  k.  Ltop.-Carol.  D.  Atad.  Halle.,  18* 
'NatnrfoTMb.  GeaeUsehaft  Frelbnrg-i.-B.,  1867. 
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at  the  same  time  fleshy  and  of  a  bright  rose-red  colour ;  the 
ovules  are  sterile  or  abnormally  formed.  Wakker,  however, 
found  no  very  marked  change  in  the  anatomical  structure  of 
such  flowers. 

The  species  of  the  Exoasceae  also  produce  striking  hypertrophy 
of  flowers.  Thus  there  are  the  sac-like  outgrowths  of  the 
catkin-scales  or  ovaries  of  poplar  caused  by  Tapkrina  Johamonii 
and  T.  rhuopkora  (Fig.  52),  and  the  "pocket-plums"  or  "fools" 
due  to  Exoaacua  pruni  (Figs.  49  and  51).  In  these  last- 
mentioned  cases,  the  outer  layers  of  the  ovary  become  thick  and 
fleshy,  sometimes  remaining  green,  while  the  stone  and  kernel 
remain  rudimentary.  The  alder,  under  the  influence  of  Exoascus 
alni  incanae,  has  the  catkin-scales  much  enlarged,  deprived  of 
chlorophyll,  and  of  a  red  colour  (Fig.   53). 

Mummification,  or  the  transformation  of  the  fruit  into  a  fungal 
resting-body  or  sclerotium,  is  not  unfrequent.  In  some  respects 
this  process  resembles  the  change  in  ovaries  brought  about  by 
ITstilagineae.  Here,  however,  we  have  to  do  neither  with  hyper-  , 
trophy  of  the  fruit,  nor  yet  with  its  complete  destruction.  The 
best-known  sclerotium  is  that  of  Claviceps  purpurea  (Fig.  84). 
It  first  fills  up  the  base  of  the  ovary,  then  kills  it  and  grows 
out  as  a  large  horn-like  sclerotium.  The  sclerotium  of  the  oak 
{Sclerotinia  Batschiana)  completely  replaces  the  acorn,  leaving 
only  the  outer  covering  enclosing  it.  Likewise,  in  the  mummified 
berries  of  bilberry,  cowberry,  crowberry,  cranberry,  and  others, 
one  finds  the  normal  parts  almost  wholly  replaced  by  the 
resting-mycelium  of  some  species  of  Sderotinia. 

Formation  of  new  Organs. 
Although  parasitic  fungi  commonly  induce  hypertrophy  of 
existent  organs  and  development  of  normal  latent  structures, 
they  are  seldom  associated  with  formation  of  new  organs.  As 
such,  however,  we  must  regard  the  formation  of  adventitious 
buds  on  the  fronds  of  Pterxs  tpwdriaurita,  Retz,  and  Aspidium 
aristatum,  Sw.,  under  the  influence  of  Tapkrina  Zaurencia, 
and  T.  Cornu  cervi,  respectively.1  Buds  or  bulbils  of  this 
kind  occur  normally  on  several  species  of  ferns ;  but  in  those 
just  mentioned  they  appear  only  as  a  result  of  the  parasite,  and 
develop  into  structures  reminding  one  of  a  witches'  broom. 
1  Gietenhagen,  Flora,  1802. 
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Still  more  striking  are  certain  structures  resembling  witches' 
brooms,  which  are  produced  on  Tkujopsis  doldbraia  in  Japan,  under 
the  influence  of  the  mycelium  of  Oaeoma  deformans  (Fig.  8). 
These  consist  of  leafless  non-chlorophyllous  axes,  dichotomously 
branched,  and  with  each  branch  ending  in  a  disc.  They  arise 
from  shoots  or  leaves  of  the  Thujopsis  where  structures  of  the 
kind  would  never  have  arisen  normally,  and  are  wholly  subr 
servient  to  the  reproduction  of  the  fungus,  which  forms  its 
sori  under  the  epidermis  of  the  terminal  discs. 


h-bniMdwd, 
(t.  Tubed 

The  galls  produced  by  U&tilago  Treubii  on  Polygonum  Saccha- 
linente  are  particularly  interesting.  Here,  as  a  result  of  the 
presence  of  the  parasite,  there  are  formed  the  so-called  vegetative 
canker-galls,  and  in  addition,  the  fruit-galls,  new  organs  derived 
from  lateral  outgrowths  of  the  host-plant,  and  of  use  only 
in  the  spore-formation  of  the  Ustilago ;  they  contain  a  special 
capillitium-like  tissue,  and  serve  exclusively  for  the  shelter  and 
distribution   of  the  fungus-spores. 
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Somewhat  doubtful  cases  are  the  outgrowths  resembling  aerial 
roots  which  arise  on  Lauras  eanarimsis  attacked  by  Exobasidiwm. 
lauri.  Geyler,  their  discoverer,  regarded  them  as  deformed  stem- 
shoots,  but  they  resemble  rather  the  galls  of  the  alpine-rose. 


§  6.    EFFECT  OF  PARASITIC  FUNGI  ON  CELL- CONTENTS. 

The  most  common  and,  at  the  same  time,  most  apparent 
effect  of  parasitic  fungi  in  this  direction,  is  the  stimulation  to 
cell-division  and  cell-multiplication.  This  occurs  chiefly  in 
young  tissues,  or  in  those  still  in  process  of  growth,  and  gives 
rise  to  numerous  peculiar  outgrowths  and  swellings,  some  of 
which  have  already  been  referred  to. 

The  parenchyma  of  mature  tissues  may  also  exhibit  secondary 
cell-division,  when  under  the  influence  of  a  parasitic  fungus. 
This  I  found  to  be  the  case  in  leaf- 
petioles  of  Umbelliferse  attacked  by 
Frotomyces  macrosporus  (Fig.  9).  The 
epidermis  and  vascular  bundles  are  never 
disturbed,  but  the  intervening  tissues  are 
permeated  by  an  intercellular  mycelium, 
which  causes  the  cells  to  divide  into  a 
large  number  of  delicate-walled  chambers, 
all  containing  nuclei  smaller  than  those  \njtxwutoFB*<*v'tt°i<>'**'ir< 
of   neighbouring    undivided   cells.      The   «a™p™  Tb»  oucim  of  ti» 

~  °  nam  cello  aro  much  ■miller  th*u 

same    thing    is    observed    in    plants    of  thoiW  th*  primer  »il  (Cob- 

_-.   ,  T°  .         .    .     ...     ,       ,        r,.  ..       \mnWg.«.)    (v.  rubral  doJ.) 

Kioto1    odorata    inhabited     by     Urocystw 

violae;  the  mature  parenchymatous  cells  become  divided  up 
by  means  of  delicate  walls  running  in  various  directions  into 
numerous  chambers  or  secondary  cells,  which  Wakker  in 
describing  has  named  "  nutritive  tissue." '  This  new  tissue 
remains  permanently  in  attacks  of  Protorn.yee»,  but  with  Uro- 
cystis  it  is  almost  completely  used  up  during  the  formation 
of  spores.  In  some  diseases  caused  by  Exoasceae,  a  similar 
secondary  cell-division  takes  place ;  for  example,  in  the  sub- 
epidermal parenchyma  of  leaves  of  poplar  with  Taphrina 
aurea  (Fig.   63). 

An  interesting  observation  was  made  by  Eosen i  on  the  direct 
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effect  of  hauatoria  of  Uredineae  on  the  cell-nucleus.  He  describes 
it  thus:  "  The  mycelium  of  Puccinia  asarina  permeates  between 
the  cells  of  the  leaf-tissue  of  Asarum,  and  sends  into  almost 
every  cell  of  the  infected  part,  a  short,  'sometimes  branched, 
hypha,  which  serves  as  a  haustorium.  This  growB  in  almost 
every  case  towards  the  nucleus  of  the  host-cell,  and  becomes 
firmly  attached  thereto,  or  completely  encloses  it.  The  nucleus, 
in  consequence,  undergoes  considerable  deformation,  sometimes 
being  tightly  constricted  by  the  hanstorium,  or  the  apex  of 
the  hypha  penetrates  deep  into  the  nucleus,  pushing  the  nuclear 
membrane  before  it." 

Enlargement  of  the  cell-nucleus  occurs,  according  to  Frank, 
in  the  cells  of  the  root-tubercles  of  Leguminosae  caused  by 
bacteria;  likewise  in  the  cells  of  endotrophic  mycorhiza  of 
orchids.  Schlicbt,1  in  considering  the  endotrophic  mycorhiza  of 
Paris  quadrifolia,  says, "  One  observes  here,  as  in  the  mycorhiza 
of  the  Orchideae,  that  the  cell-nucleus,  which  is  very  large,  can 
exist  in  the  cell  beside  the  fungus-tissue.  The  hyphae,  however, 
frequently  penetrate  into  the  cell-nucleus,  or  surround  it  in 
a  close  network."8 

The  effect  of  parasitic  fungi  on  the  chlorophyll  of  tissues 
attacked  by  them  is  very  varied.  We  may  distinguish  three 
cases,  apart  from  those  in  which  the  parasite  kills  the  host-cell 
and  its  chlorophyll  along  with  it.  In  the  first,  the  green  parts 
of  the  plant  attacked  become  bleached  by  the  influence  of  the 
parasite,  and  ultimately  lose  their  green  colour ;  this  we  might 
designate  "  myeefcogenous  chlorosis,"  Examples  are  the  galls 
of  cowberry  and  species  of  rhododendron,  the  results  of  many 
Uredineae,  Buch  as  Ghrysomyxa  rhododendri  on  spruce,  Aecidium 
urticae  on  nettle,  Chfmmosporangium  davariaeforme  on  hawthorn, 
and  the  leaf-galls  due  to  Exoasceae. 

In  the  second  case,  there  is  a  preservation  of  the  chlorophyll 
in  places  infested  by  the  fungus,  in  contrast  to  adjoining  normal 

'Schlicht.  "Beitrttgez.  Kenntniiw  d.  Verbreitung  u.  Bedeutnng  d.  Mycorhizen." 
Inaug.  Din.  1889,  p.  14. 

'Groom  ("  Thiamin  Awroz  and  its  Mycorhiza,"  Aroioh  of  Botany,  June, 
1895,  p.  339)  describes  and  figures  a  similar  caae.  Ho  nay  a,  "The  fungus 
enters  the  cell  as  a  aiugle  slender  hypha,  which  at  once  grows  directly  towards 
the  nucleus  of  the  host-cell."  He  also  mentions  an  observation  of  Professor 
Marshall  Ward,  "  that  in  Hcmileia  of  the  coffee  disease,  the  baustoria  often  apply 
themselves  to  the  nuclei  of  the  host's  cells."    (Edit.). 
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parts,  which  become  pale  and  die.  This  is  exemplified  in 
Cronartium  asclepiadeum  on  the  leaveB  of  Vincetacium,  Gym- 
nosporangium  clavariaeforme  on  the  quince,  Uncimda  aceria  on 
the  Norway  maple,  Bhytiama  punctatum  on  Acer  spicatum. 

Intermediate  between  these  two  extremes  are  cases  where 
the  chlorophyll  is  retained,  but  in  much  reduced  quantity.  For 
example,  organs  under  the  influence  of  Exoascua  alni  ineanae  or 
Aecidium  elatinum,  though  still  green,  are  pale  in  contrast  to 
those  normally  deep  green;  leaves  attacked  by  Peronosporeae,  e.g. 
Corydalia  or  Anemone  with  Plasmopora  pygmaea,  and  Anemone 
with  Aecidium  punctatum  or  Puccinia  fusca ;  leaves  of  Cirsium 
containing  mycelium  of  Puccinia  suaveolens ;  leaves  of  alder 
with  Exoascua  epiphyU.ua,  and  many  others.  This  paler  coloura- 
tion of  diseased  plants  is  frequently  an  easy  means  of  recognizing 
them  amongst  the  healthy  ones. 

The  third  case  is  that  of  "  mycetogenous  chloranthy "  or  the 
development  of  green  colour  in  organs  normally  of  some  other 
colour.  Wakker  has  proved  this  in  the  petals  and  stamens  of 
Brassica  nigra  and  Sisymbrium  pannonicum  attacked  by  Cy&topus 
and  Peronospora.  Likewise  Magnus  showed  its  existence  in 
Sowers  of  Anemone  ranunculoides  with  Aecidium  punctatum. 

The  cell-sap,  in  some  cases  of  hypertrophy,  assumes  on  the 
sunny  side  a  rose  colour ;  thus  in  galls  caused  by  Exobasidium 
on  alpine-rose  and  cowberry,  pear-leaves  with  Rocstelia  cancellata 
and  Polystigma  rubrum,  catkins  of  alder  attacked  by  Exoaseus, 
and  galls  caused  by  Taphrina  carnea  on  the  sweet  birch.  The 
epidermal  galls,  due  to  some  species  of  Synehytrium  (S.  rubro- 
cinctum,  S.  anemones,  etc),  exhibit  an  intense  carmine  colour. 
Yellow  coloration  occurs,  according  to  WakkeT,  in  nettle,  buck- 
thorn, and  many  plants  when  frequented  by  Uredineue.  There 
may  also  be  a  yellow  colour  due  to  the  yellow  oily  contents 
of  the  mycelium  shining  through  the  host-tissues,  as  in  spruce- 
needles  with  Chrysomyxa  abietis, 

In  considering  the  effect  of  parasitic  fungi  on  the  starch- 
contents  of  the  host-plant,  two  very  distinct  cases  may  be 
observed.  There  may  be,  for  a  time,  a  greater  accumulation 
of  starch  in  the  attacked  parts  than  in  the  normal,  or  the 
parasite  may  dissolve  any  starch  present  and  utilize  it  at  once. 
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Accumulation  of  starch  is  described  by  R  Hartig 1  in  spruce- 
needles  attacked  by  Lophodermium  macrospcrmm.  In  the  pre- 
sence of  the  fungus-mycelium,  an  increased  production  and 
storage  of  starch  takes  place  at  a  time  when  it  is  being  only 
slowly  formed  in  normal  needles.  If  the  needles  become  diseased 
during  May,  a  season  when  they  are  already  full  of  starch, 
this  remains  intact  in  the  dead  cells  till  October,  when  it  begins 
to  be  used  up. 

Wakker  observed  accumulation  of  starch  in  corafrey  with 
Aeridium  aspcrifolii,  in  buckthorn  with  Aeculium  rhamni,  in 
hawthorn  with  Roestelia  laceraia,  in  Sisymbrium  officinale  and 
other  plants  with  Cystopuz,  in  roots  of  Brassica  inhabited  by 
Plasmodiophora  bra&sicae,  and  in  hypertrophied  scales  of  alder 
catkins  with  Exoascus.  Many  other  examples  are  given  through- 
out the  literature  of  plant- pathology. 

Particularly  noteworthy  is   a  case   of  starch  preservation  in 
oak-wood    destroyed    by    Polyporus    dryadeutt    and    P.    igniarius 
simultaneously.2      In    the    wood   infested    by 
either  of  the  fungi  alone  the  starch  is  dis- 
solved,  but  at  the   boundary   where   the   two 
meet    it     remains    in    the    medullar}'    rays ; 
these,  in  consequence,  appear  snowy    white, 
and  consist  almost  exclusively  of  unchanged 
starch-grains,    while    the    lignified    cell-walls 
have  been   converted   into   cellulose   or  com- 
pletely absorbed  (Fig.  10).  Loew3  remarks  in 
regard  to  this :   "  One  must  assume   here  a 
variation    in    the    kinds    of    diastase,    and    a 
neutralizing  effect   of  the   one   on   the  other, 
in  somewhat  the  same  manner  as  pepsin  acts 
on    tyrosin.     One  is   also  reminded    of  two 
optical  antipodes  which   easily  unite  into  an 
of «°k--o3d'diw^dX  optically  neutral  body"  {e.g.  sugar  isomers). 
f^W'tf^lftS        The    dissolution    of    starch    by    fungi    has 
SftfT*  been    examined    in    detail    by    Hartig.      The 
wood-destroying    fungi    dissolve    the    reserve 
starch-grains  laid  up  in   the  wood-parenchyma  in   various  ways. 
Assuming  the   view  of  Naegeli,  that  starch-grains  consist  of  a 
1  Wiclttige  Krankhetien  d.  Waldbtkwiuai,  1874. 
aR.  Hartig,  ZeneizmignT»eheinungen,  1878. 
'Loew,  0.,  Ein  juUwliehta  System  d.  Oift-Wirkungen.     Munich,  1893. 


loMizedb,  Google 


■tJliOO 

■  if 


EFFECT  OF   PARASITIC   FUNGI   ON   CELL-CONTENTS.  35 

cellulose  and  a  granulose  part,  Hartig  describes  the  process  thus 
(Fig.  11).  The  mycelium  of  species  like  Pdyporut  igmariui 
gives  ofl'  some  ferment  which  dissolves  the  starch-grains,  by  cor- 
roding them  from  the  outside  inwards,  so  as  to  form  holes  and 
canals  similar  to  those  in 
starch- grains  in  process  of 
dissolution  in  the  cells  of  a 
sprouting  potato.  In  others, 
r.g,  Tkelqihora  perdix,  the 
granulose  is  first  dissolved 
from  without  inwards,  so  that 
finally  only  the  starch-cellulose 

remains,  occupying  a  region  Kia  „._SUrch  Jn„  from  tbe  ^  in  _ 
towards  the  outer  parts  of  ^JJjEWSSMj  SW5 
the  grain  as  a  kind  of  husk,  CS«^!Ediii'(!ft«rS*H^«TMtk" 
which    is   in    time   gradually 

used  up.  In  Polyponts  sulphureus  the  operation  is  reversed  ; 
the  starch-cellulose  appears  to  be  dissolved  out  first,  leaving 
a  residue  of  granulose.  These  observations  were  based  on 
the  assumption  that  the  starch-grain  consisted  of  a  granu- 
lose portion  which  turned  blue  with  iodine,  and  a  starch- 
cellulose  portion  which  became  yellow ;  or  again,  on  treating 
the  starch-grains  with  dilute  acids  the  granulose  was  dissolved, 
while  the  cellulose  remained  in  the  form  of  a  skeleton. 
Although  more  recent  investigations  have  shown  that  the 
cellulose-skeleton  results  from  the  action  of  the  acids,  and  that 
this  view  of  the  constitution  of  the  starch-grain  was  not  quite 
correct,  yet  Hartig's  observations  prove  that  the  various  fungus- 
ferments  have  each  their  own  action  on  starch-grains ;  his 
results  are  also  supported  by  other  facts. 

Other  fungi  besides  Polyporeae  utilize  the  starch  of  their 
host-plants,  thus  Phytopkthora  in  leaves  of  the  potato. 

The  formation  of  calcium  oxalate  is  influenced  by  action  of 
parasites.  From  Wakker's  synopsis  of  the  phenomena  of  hyper- 
trophy, we  find  that  calcium  oxalate  normally  present  in  crystal- 
sacs  in  leaves  and  flowers  of  Rhamnits  Frangtda,  is  wanting  in 
parts  deformed  by  Aecirfittm  rhamni ;  crystal-sacB  are  less 
abundant  in  diseased  stems  than  in  healthy  ;  the  calcium  oxalate 
in  galls  of  Heobasidiitm  is  not  present  in  crystal-sacs,  as  in  the 
non-deformed  organs,  but  as  ill-defined  solitary  crystals  of  limited 
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number;  on  the  other  hand,  crystal-sacs,  normally  absent,  are, 
under  the  influence  of  Exoaseas  alni  incanae,  formed  in  hyper- 
trophic catkin-scales  of  alder. 

It  may  be  here  observed  that  calcium  oxalate  crystals  are  found  in  the 
mycelium  of  many  fungi.  De  Bary1  found  them  very  common,  particularly 
in  the  mycelium  of  species  of  ISotrytit,  and  he  remarks  thereon  :  "  it  may 
well  be  assumed  that  the  oxalic  acid  is  formed  from  the  sugar  inside  the 
living  oxygen -absorbing  fungus-cell,  but  is  immediately  ejected  therefrom 
by  the  carbon  dioxide  produced  in  respiration  ;  in  other  words,  an  oxida- 
tion-fermentation  takes  place  in  the  plasma  of  the  mycelium.  The  oxalic 
acid  is  probably  separated  in  combination  with  potassium  and  converted 
into  calcium  oxalate,  when  calcium  is  present  in  the  pabulum  of  the 
mycelium." 


§   7.   EFFECT  OF  PARASITIC  FUNGI  ON  THE  CELL-WALL 

The  effect  of  the  mycelial  hyphae  of  parasitic  fungi  on  the 
cell-wall  may  be  either  mechanical  or  chemical.  The  intra- 
cellular hyphae  of  fungi  and  the  apices  of  the  haustoria  of 
intercellular  fungi  must  penetrate  through  the  cell-walls  of  their 
host,  either  of  the  epidermis,  or  the  membranes  of  other  cells, 
consisting  of  cellulose  alone,  or  in  some  state  of  lignification.* 

The  membranes  may  be  simply  pricked,  as  by  a  fine  needle, 
so  that  the  opening,  because  of  the  elasticity  of  the  cellulose, 
closes  up  again  after  the  perforating  hypha  has  died.  This 
is  the  case  with  many  Uredineae.  In  such  cases  the  hypha  is 
constricted  iu  passing  through  the  cell-wall  and  swells  out  again 
in  the  free  cell-cavity.  Frequently,  as  in  the  case  of  Perono- 
sp&ra  denaa,  the  haustorium  will  only  cause  a  depression  in  the 
membrane  of  the  cell  without  penetrating  it 

In  addition  to  purely  mechanical  perforation  of  the  mem- 
brane, the  effect  of  the  hyphae  may  also  be  a  chemical  one,  so 
that  the  wall  is  dissolved  and  the  holes  produced  remain  long 
after  the  hyphae  which  made  them  have  disappeared.  This 
solvent  effect  is  probably  always  present  in  cases  where  per- 
foration of  liguified  membranes  takes  place.     It  is  a  constant 

1  De  Bary.     Bota/i.  Zeitimy,  18S6. 

s  De  Bary.     Bioloyy  and  Morphology  of  the  Fungi-     English  Edition. 

H.   M.    Ward.      "  On  a  lily-disease,      Annul*  of  Botany,   1888. 

Miyosbi.  "Die  Durchbohrung  v.  Membranen  durch  FiUje."  '-Priugsheim'a 
Jakrbuth,  VoL  28,  1895. 
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accompaniment  of  the  attacks  of  wood-destroying  fungi  on  the 
woody  parts  of  trees  and  shrubs.  Besides  actual  perforation 
of  the  lignified  membranes  of  their  host,  the  hyphae  of  many 
of  the  Polyporeae  and  Agaricini  exert  a  solvent  effect  on  the 
walls,  which  extends  over  a  considerable  area,  and  is  evidently 
due  to  the  excretion  of  some  ferment.  The  dissolution  of  the 
walls  takes  place,  moreover,  in  a  way  so  characteristic  for  each 
species  of  fungus  that  they  can  be  determined  by  it  alone.  From 
this  it  must  be  deduced  that  each  wood -destroying  fungus 
excretes  a  ferment  peculiar  to  itself,  which  causes  a  character- 
istic dissolution  of  the  host.  Our  present  sources  of  informa- 
tion on  these  points  are  the  very  valuable  investigations  of 
Professor  Robert  Hartig  of  Munich.1  Some  of  his  results  will 
repay  our  careful  consideration,  but  we  must  preface  briefly 
some  facts  regarding  the  process  of  ligntfieation  and  the  forma- 
tion of  heart-wood  in  our  forest-trees. 

The  elements  of  the  wood  of  dicotyledonous  trees  and  woody 
plants  are  derived  from  the  cambium;  their  walls  consist  at 
first  of  pure  cellulose,  and  when  lignification  takes  place  the 
so-called  incrusting  substances  are  laid  down  in  the  thickened 
cellulose  wall,  particularly  coniferin,  vanillin,  wood-gum,  tannin, 
etc. ;  or  as  they  may  be  collectively  called,  lignin.  The  cellulose 
membrane  itself  is  coloured  lilac  with  chlur-zinc-iodine ;  when 
lignified  it  no  longer  shows  this  reaction,  but  has  others  peculiar 
to  itself,  the  best  known  being  red  coloration  on  treatment 
with  phloroglucin  and  hydrochloric  acid,  or  yellow  coloration 
with  aniline  sulphate ;  chlor-zinc-iodine  colours  lignified  tissues 
brownish -yellow.  Copper-ammonium-hydrate  dissolves  cellulose 
but  not  wood.*  If  the  incrusting  substances  be  removed  from 
the  lignified  membranes  by  treatment  with  Schnlze's  solution, 
caustic  soda,  or  other  solvent,  the  cellulose  remains  and  reacts 
as  such.     In  the  process  of  conversion  of  alburnum  into  dura- 

With  21 

'e  Hatutckuximm,  Mtndim  taelirymant,  1865. 
Wichtige  Kranhheite.il  d.    ffaldbflumr. ,   1874. 

Lthrbuch  d.  Bauml-ranhheittn,  I.  and  II.  Edition,  1882  and  1689.  English 
translation  of  II.   Edit,  by  Prof.   W.  Somerville. 

Lehrbueh  d.   AnnlomU  u.    Physiologic  d.   PJlamtn,   1861. 
1  For  further  reaction!  see  : 

Zimmermann.     Die  botanUeht  Microtetknii:.  1892. 
Sti-flHhnrger.     Dot  botaniiKke  Praktihttm,   1887.     EnglUh  Edition,  1889. 
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men   other   substances   make   their   appearance   in   the   lignined 
walls,  chiefly  tinctorial  phlobaphenes. 

The  walla  of  the  wood-eleinents  are,  however,  not  lignined 
to  the  same  extent  The  primary  layer  of  the  wall  is,  as  a 
rule,  lignined  most  and  contains  but  little  cellulose.  In  con- 
sequence, on  treatment  with  ligniu  -solvents,  it  becomes  first 
dissolved  while  the  secondary  and  tertiary  membranes,  although 
their  lignin  is  also  partially  dissolved  out,  remain  behind  as  a 
distinct  framework  of  cellulose.  With  longer  treatment  destruc- 
tion of  the  tissue  proceeds  till  only  the  pure  cellulose  membranes 
of  the  isolated  cells  remain.  The  ferments  of  many  fungi  act 
in  this  way;  for  example  Trametes  pini,  as  shown  in  Fig.  12; 
at   a   the   wall   is   in   its  normal  condition,  showing  a  primary 


wall  and  two  striated  secondary  membranes ;  at  b  the  fungus- 
ferment  has  caused  a  splitting  of  the  primary  wall,  which 
formerly  appeared  as  a  single  layer,  and  the  elements  are 
separating  from  each  other ;  the  "  filling-material "  of  the  inter- 
cellular spaces  (under  c),  and  the  ring  of  lime  surrounding  the 
cavity  of  the  pit  d,  remain  for  a  lunger  time ;  the  right  wall 
of  the  cell  b  consists  only  of  cellulose,  (as  indicated  by  the 
striation  being  no  longer  shown,  although  still  present);  in 
the  cell  f  the  primary  wall  has  disappeared,  and  the  secondary 
and  tertiary  membranes  thin  off  towards  /  in  which  only 
the  ash  constituents  remain  as  fine  granules,  better  seen  in 
Fig.  13. 

In    contrast    to   the   lignin-dissolving   fungi,   there   are   those 
which  dissolve  cellulose.     When  wor>d  is  treated  with  sulphuric 
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acid  the  cellulose  is  dissolved  out,  and  the  primary  wall  remains 
almost  intact,  while  the  secondary  after  swelling  Li  converted 
into  sugar  and  gum.  Certain  fungi  (ej?.  Potyporus  vaporariws, 
P.  Schioeinitsii  and  P.  sulphureus),  act  in  the  same  manner, 
first  dissolving  out  and  consuming  the  cellulose  before  attacking 
the    wood-gum.      When   wood    is    destroyed    by  fungi    of   this 


Pio.  IS.— Tmebeld  of  Piiu  iflrairit  destroyed  by  Trasutn  phti.  The  primary 
oall-WrfU  la  completely  dissolved  from  below  upwards  to  a,  a  ;  b,  aecondary  and 
tertiary  layer*  of  the  walla  confuting  In  the  under  portion  of  celluloae  only.  In 


, »  of  chalk  are  recngni™bla  ;  o,  fungus-hyphsa  boring  through  th_ 

walla,  lMTing  holss  d  and  r.     (Af  tor  B.  Haitlg.) 

Flo.  11.— Tracheld  of  Pinna  destroyed  hy  Pclppomj  SeaninUtij.  The  celluloae 
haa  boon  extracted,  and  the  wall  constats  only  of  wood-gum.  The  Oaaurea  are  a  . 
result  of  drying-up,  but  they  do  not  eitsnd  lota  the  primary  wall  a,  b.  CrMatng 
of  the  (Insures  takea  place  at  the  bordered  ulla  c,  and  at  the  bora-holes  .(and  •; 
/,  simple  fissures.    (Altar  R.  Harttg.l 

kind,  the  primary  wall,  containing  but  little  cellulose,  is  hardly 
affected,  and  the  secondary  membranes  shrink  together,  so  that 
numerous  fissures  are  produced  running  in  a  spiral  direction, 
corresponding  with  that  of  the  stratification  (Figs.  13  and  14.) 
The  tertiary  membrane  varies  in  its  nature ;  it  may  consist  of 
pure  cellulose  or  be  more  or  less  lignified,  or  even  cuticularized. 
In   the    wood-fibres    of    some    plants    (Cytisus,    ffumuhts,)    this 
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layer  becomes  normally  loosened  from  the  other  membranes,  and 
appears  as  a  separate  tube  in  the  cavity  of  the  fibre. 

Variations  of  this  kind  in  the  structure  of  the  wood  must  of 
course  influence  the  action  of  the  attacking  fungus.  The  decay 
may  be  a  local  one,  as  with  Trametes  pini,  T.  radiciperda, 
Thehphora  perdix,  which  cause  destruction  of  isolated  spots 
only  and  produce  holes  here  and  there  throughout  the  wood. 
On  the  other  hand,  the  wood  may  be  uniformly  converted  into 
a  discoloured  decayed  mass.  The  walls  may  be  simply  pierced 
by  little  holes  corresponding  to  the  perforating  hypha,  or  large 
portions  of  them  may  be  more  or  less  completely  dissolved 
away,  and  either  the  cellulose  or  lignin  remain  behind  as  a 
skeleton.  Hartig  gives  an  interesting  case  which  accompanies 
dry-rot  (Merutius  lacrymans)\  the  mycelium  adherent  to  the 
cell-walls  dissolves  out  the  lime  granules  included  in  the  mem- 
branes by  the  excretion  of  some  fluid  containing  carbonic  (or 
other  weak)  acid,  in  much  the  same  way  as  roots  corrode 
limestone. 

The  dissolution  of  starch  in  wood  has  already  been  considered. 

In  conclusion  should  be  mentioned  Hartig's  observation 
that  normal  spruce  wood,  on  treatment  with  ferric  chloride, 
the  reagent  for  tannin,  gives  no  coloration,  such  as  is  given 
by  the,  same  wood  when  destroyed  by  dry-rot. 

§  8.     EFFECTS  OF  PARASITIC  FUNGI  ON  THE  ANATOMICAL 
STRUCTURE  OF  THEIR  HOSTS. 

Effects  of  this  kind  can  only  be  looked  for  where  mor- 
phological changes  have  resulted  from  the  presence  of  parasitic 
fungi,  particularly  in  the  case  of  hypertrophied  organs.  Wakker1 
was  the  first  to  collect  recorded  evidence  of  anatomical  changes 
due  to  hypertrophy ;  he  added  to  these  by  his  own  investi- 
gations, and  classified  the  results.  We  shall  therefore  in  this 
division  depend  chiefly  on  his  publications. 

Enlargement  of  host-cells  is  one  of  the  most  frequent  pheno- 
mena accompanying  attacks  of  parasitic  fungi.  It  may  take 
place  with  both  intracellular  and  extracellular  parasites. 

A  single  cell  hypertrophied  in  this  way  is  the  simplest 
possible  form  of  a  "fungus-gall"  (see  p.  25).  Examples  of 
'Wakker,  Pringihtim't  Jahrbvch,  1892. 
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simple  galls  of  this  kind  are  cells  of  Piloindiia  Kleinii  inhabited 
by  Pleotroehelus  fvlgens,  cells  of  turnip  infested  by  Plosmodio- 
pkora,  or  of  dandelion  with  Synchytrium. 

Cell -enlargement  resulting  from  the  influence  of  extracellular 
parasites  is  most  distinctly  seen  in  those  algal  cells,  which 
form  lichens  with  the  hypbae  of  certain  fungi.  Thus  according 
to  Stahl,  the  algal  cells  of  the  lichen  Endocarpon  pusillum 
become  enlarged  six-fold. 

Cell-enlargement  accompanies  all  hypertrophy  of  plant  organs, 
whether  the  parasite  lives  purely  intercellular,  or  has  haustoria. 
At  the  same  time  one  generally  finds  a  disappearance  of  the 
intercellular  spaces  present  in  the  normal  tissues ;  in  some 
special  cases,  however,  these  may  become  more  numerous  and 
larger.  Cell-enlargement,  accompanied  by  disappearance  of 
normal  intercellular  spaces  and  chlorophyll,  are  shown  by 
Woronin's  illustrations  to  be  very  marked  in  the  galls  on  cow- 
berry, due  to  Exdbasidium  vaccinii.  Cell-enlargement  is  also 
frequent  in  cases  of  hypertrophy  due  to  Exoaaceae ;  thus  in 
Taphrina  aurea,  although  the  mycelium  is  only  subcuticular 
or  penetrates  but  slightly  into  the  epidermal  layer,  yet  the 
cells  are  much  enlarged  and  their  walls  are  strikingly  thickened 
(Fig.  63),  Smith1  found  that  when  leaves  became  thickened 
in  consequence  of  attacks  of  certain  species  of  Taphrina,  their 
cells  became  larger  and  rounder,  so  that  the  large  intercellular 
spaces  of  the  spongy  parenchyma  disappeared  and  the  char- 
acteristic appearance  of  that  tissue  was  lost 

The  epidermis,  as  has  already  been  indicated,  is  influenced 
by  fungi  which  live  between  the  cuticle  and  cell-wall,  as  well 
as  by  epiphytic  fungi,  whose  haustoria  penetrate  it.  The 
epidermis  is,  however,  more  frequently  destroyed  by  endophytes, 
which  rupture  it  in  forming  their  reproductive  organs.  Some 
of  these  produce  their  sporocarps  inside  the  epidermal  cells, 
and,  as  they  enlarge,  cause  detachment  of  the  outer  walls  of 
the  cells  from  the  remainder,  to  form  for  a  time  a  covering 
which  is  ultimately  ruptured  as  the  sporocarps  attain  maturity. 
Where  the  fungi  live  under  the  cuticle  (e.g.  the  Exoasceae), 
this  alone  is  ruptured  when  the  asci  are  formed.      The  repro- 

1  William  O.  Smith.  "  Untersnchnng  d.  Morphologie  u.  Anatomic  d.  dureh 
Eioaaceen  verursaohteii  Deformatkmen. "  Inaug.  Dissertation,  Munich,  1894; 
alio,  Foratlieh-iiatarwisii.  Ziittchrift,  1894. 
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ductive  mycelium  of  the  following  forms  also  grows  only  under 
the  cuticle :  Rhytisma  andromedae,  the  spermogonial  mycelium 
of  Puecinia  anemones,  Phragmidium,  and  other  Uredineae. 

In  many  cases  of  hypertrophy  the  epidermal  cells  become 
enlarged  in  u  radial  direction,  and  this,  as  in  Taphrina  aurea, 
may  be  accompanied  by  considerable  thickening  of  the  walls. 
In  other  coses,  like  that  produced  by  Synchytrium,  the  epidermal 
cells  may  become  gelatinous. 

The  cork  becomes  abnormally  increased  in  many  examples  of 
hypertrophy.  Thus  in  witches'  broom  of  alder  due  to  Exoa&vus 
epipkyllus  a  phellodenn  ia  formed,  while  on  normal  twigs  phellem 
alone  is  produced.  Cork  is  found  in  juniper  needles  with 
Gymnosporangium  juniptrinum,  though  never  in  the  normal  needles. 
On  the  other  hand,  cork-formation  is  suppressed  in  twigs  of 
hawthorn,  deformed  by  Eoestelia  lacerata.  The  so-called  "wound- 
cork"  is  constantly  associated  with  attacks  of  parasitic  fungi;  it 
separates  diseased  portions  of  rind  and  bast  from  sound,  forms 
sheaths  round  bundles  of  sclerenchyma,  and  permeates  the 
medullary  rays. 

Colleuchyma  was  found  by  Wakker  to  be  absent  in  all  cases 
of  hypertrophy  of  parts  of  plants  where  it  is  normally  present ; 
tor  example,  in  stems  and  petioles  of  cowberry  attacked  by 
Exobasidium,  stems  of  buckthorn  with  Aecidium  rhamni,  of 
Crataegus  with  Hocstelia  lacerata,  of  nettle  with  Aecidium  urticae, 
and  of  Sanguisorbia  with  Xenodochus  carbonarius.  On  stalks  of 
Umbelliferae  with  pustules  of  Protomyces,  I  found,  where  the 
collenchyma  region  was  involved,  that  that  tissue  was  not 
developed  (Fig.  46). 

In  nil  cases  of  hypertrophy,  parenchyma  plays  an  important 
part.  Most  abnormal  outgrowths  result  from  multiplication  and 
enlargement  of  the  cells  of  the  parenchyma,  the  formation  of 
mechanical  tissues  being  more  or  less  suppressed.  Thus  the 
gigantic  examples  of  hypertrophy  exhibited  by  turnips  iufested 
by  Plasmodiophora,  consist  almost  exclusively  of  parenchyma. 
Thickening  of  stems  or  branches  is  generally  due  to  increase 
of  the  rind-parenchyma,  as  in  buckthorn  under  influence  of 
Aecidium  rhamni,  hawthorn  with  Gymnosporajigium  clavariae- 
forme,  in  most  witches'  brooms,  and  in  many  other  cases.     In 
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che  witches'  brooms  due  to  Aecidium  clatinum,  the  pith  appears 
enlarged  aa  the  result  of  increase  of  the  medullary  parenchyma. 
In  diseased  leaves,  palisade  parenchyma  can  frequently  no  longer 
be  distinguished  from  spongy,  and  only  irregular  polygonal  cells 
are  formed.  As  examples  may  be  given  needles  of  fir  with 
Aecidium  abietinum,  and  leaves  with  galls  due  to  Exoasceae. 
Finally,  there  may  be  a  marked  increase  of  wood-pa rei»chy ma, 
both  of  medullary  rays  and  the  wood  proper;  this  is  especially 
well  marked  in  Juniperus  communis  affected  by  Gymnosporangiuvi 
juniperinum}  where  in  consequence  of  an  enormous  increase  of 
the  parenchyma  of  rind  and  medullary  rays,  the  tracheidal 
regions  become  separated  by  broad  wedge-shaped  rays,  and  at  the 
same  time  they  are  peripherally  intersected  by  bands  of  paren- 
chymatous tissue  resulting  from  increased  development  of  the 
wood-parenchyma  (Fig.  220,  etc). 

The  Sclerenchyma  is  generally  suppressed  where  hypertrophy 
occurs.  Examples  mentioned  by  Wakker  are  stems  of  cowberry 
with  Exobasidium,  of  hawthorn  with  Gymnosporangium,  of 
Sanguisorbia  with  Xenodochus,  and  alder  catkin-scales  with 
Excascus.  On  the  other  hand,  sclerenchyma  is  developed  in 
stems  of  Cirsium  as  a  result  of  Pvccinia  xuaveolens,  whereas 
normally   it  is  absent. 

The  secondary  vessels  of  the  wood  frequently  remain  irregular, 
and  with  imperfectly  absorbed  partition-walls.  According  to 
Wakker,  this  is  the  case  in  Vcuxinium  with  Exobamdium, 
Crataegus  with  Rotstclia,  and  Rhamnus  with  Aecidium. 

Suppression  of  interfascicular"  cambium  was  observed  by 
Wakk«r  in  buckthorn  and  nettle  with  their  respective  Aecidium 
parasites.  Prolonged  activity  of  the  same  tissue  he  found  in 
Sisymbrium  with  Cystopus. 

Arrest  of  lignification  was  found  by  Wakker  in  medullary  rays 
of  Crataegus  with  Soesieiia,  and  in  deformed  scales  of  alder 
catkins  affected  by  Exoascus. 

We  have  already  considered  increased  growth  in  length  and 
thickness  in  connection  with  hypertrophy.  It  need  only  be 
added  that  increased  thickness  of  woody  plants  may  be  due  to 
increase  of  the  rind,  the  bast,  the  pith,  or  medullary  rays,  and  not 

1  P.  W anile.  "  Anatomisthe  UQterHUchung  d.  durch  GymnoBporangium-Arten 
hervorgerufenen  Miuhildungen. "  Inaug.  Due.,  Mlluchen,  ISM  ;  aUo,  Forxtlich- 
vatunrim.  Zeit*chr\ft,  1894. 
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to  increase  in  the  actual  wood  elements.      This  i3   the  case  in 

twigs  of  silver  fir  witches'  brooms,  in  young  swellings  of  juniper 

attacked   by   Gymnosporangium,   and   in   the  thickened  twigs  of 

Albizzia  resulting  from  Uromycea  Tepperianus  (Fig.  181).     There 

may   be,  however,  a   distinctly  increased   growth   of  the   wood. 

Thus,    with    attacks    of   Gymnosporangium    frequenting   juniper, 

especially  G.  sabinae,  there  is  often  a    marked    thickening   of 

branches  due   to   increase   in   the   xylem-elements.     Again,   one 

tinds  cankers  due  to  Aecidium  elatinum,  accompanied  by  stem- 

swelliugs   with   a   diameter   twice   or   three    times   that    of   the 

normal,  and   in  which  the  bark  and  bast  form  but  a  thin  layer 

in  proportion  to  the  part  made  up  by  the  wood.     Exceptionally 

striking  are  the  gigantic  woody  knots  formed  on  the  Japanese 

Pimis    dcns-iflora,    and    P. 

Thuribergii  affected  by  Peri- 

dermium    giganteum    (Fig. 

15). 

Wakker  found  that  mu- 
cilage canals  of  fihamnw 
Franynla  affected  by  Aeci- 
dium were  not  bo  well 
developed  as  in  normal 
twigs. 

Kesiu-canals     are     often 
irregularly  formed  and  ab- 
F..i.is-WQod-«weiuii?onPm<«j<-uii(oni,Muiked  normally  multiplied  in  con- 
(v.  Tubwf  phot.)  .  sequence  of  parasites.     The 

resin-canals  of  the  spruce 
were  found  by  Hartig  to  be  so  numerous  in  plants  attacked  by 
Ayariciis  melleus  that  an  abnormal  quantity  of  resin  is  produced 
in  the  wood,  and  flows  from  the  diseased  roots;  hence  has 
arisen  the  name  "  resin-glut "  or  "  resin-flux "  by  which  the 
disease  has  long  been  known.  A  particularly  noticeable  flux  of 
resin  takes  place  from  pine-bark  in  presence  of  Peridermium 
pini ;  the  mycelium  grows  in  the  medullary  rays  and  resin- 
canals,  causing  an  excretion  of  resin  from  all  living  parenchyma 
in  the  wood,  bo  that  both  bast  and  wood  become  completely 
impregnated  with  resin,  and  thin  sections  of  wood  transmit  a 
rose-coloured  light. 
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CHAPTER  III. 

RELATION  OF  PARASITE  TO  SUBSTRATUM. 

§  9.    EFFECT  OF  THE  SUBSTRATUM  ON  THE  DEVELOPMENT 
OF  THE  PARASITE. 

A  number  of  parasitic  fungi  live  only  on  one  species  of 
host.  For  example  Sclerotinut  baccarum  on  Vaccinium  Myrtillus, 
Ckrysomyaxi  abietis  on  Picta  excelaa,  Tripkragmium  vlmariae  on 
Spiraea  ulmaria,  Hystenum  nemsequivm  on  Abies  pcctinata, 
Rhylisma  andromtdae  on  Andromeda  polifolia.  De  Bary1  proposed 
for  cases  like  this  the  term  monoxeny,  while  to  casee  in  which  a 
parasite  frequents  Beveral  different  species  of  host  he  gave  the 
name  polyxeny,  or  more  particularly,  dixeny,  trixeny,  etc  As 
examples  of  polyxeny  may  be  mentioned  Rhytisma  salidimvi 
found  on  all  species  of  willow,  and  Rhytisma  acerinum  on  the 
genus  Aver.  Other  parasites  attack  not  only  different  species 
of  some  genus,  but  also  different  genera  ;  thus,  Pitccinia  graminix 
occurs  on  various  cereals  and  grasses,  Phytophthora  omnitora 
on  many  different  plants,  Phyllactinia  suffulta  on  leaves  of 
Coryliis,  Fagvjf,  and  many  other  trees ;  Claviceps  purpurea  on  a 
large  number  of  cereals  and  grasses,  Gystopus  candidus  on  many 
Cruciferae,  and  Nectria  cinnabarina  on  all  kinds  of  broad-leaved 
trees. 

Monoxeny  and  polyxeny  must  be  carefully  distinguished  from 
the  autoecism  and  heteroecism  of  the  Uredineae.  Many  species 
of  this  group  go  through  their  whole  life-history,  and  produce 
all  their  forms  of  spore  on  the  same  host,  others,  however,  pro- 
duce some  forms  of  spore — spermatia  and  aecidioapores — on  one 
host,    and    the    remainder — uredospores    and    teleutospores — on 

1  Botaniirhr.  Ztitmuj,    1867,  p.  204. 


d  by  Google 


46  RELATION  OF  PARASITE  TO  SUBSTRATUM. 

another  host.  Such  heteroecious  parasites  may  be,  however,  also 
monoxenous ;  for  example,  Melampsora  Goeppertiana  has  its 
teleutospore-form  only  on  the  cowberry,  its  aecidiuni-form 
only  on  the  silver  fir.  On  the  other  hand,  Chrysomyxa 
rhododendri  frequents  several  species  of  Rhododendron,  while 
the  aecidia  occur  only  on  Picea  excelsa  ;  Cronartium  asclepiadeum 
comes  on  both  Gentiana  and  Cynanchum,  the  aecidial  stage 
only  on  Finns  sylvestris.  With  Gymnosporangium  cla'eariaeforme 
this  condition  is  reversed,  the  teleutospore-form  occurs  only  on 
Juniperus  communis,  the  aecidial  on  various  species  of  Crataegus 
and  other  genera. 

The  effect  of  various  substrata  on  the  development  of  any 
fungus  may  be  most  conveniently  investigated :  (a)  on  facul- 
tative parasites  and  saprophytes,  (b)  on  polyxenous  species  of 
fungi,  (c)  in  cases  where  the  fungus  inhabits  essentially  different 
organs  or  tissues  of  the  same  host. 

The  most  obvious  effect  of  the  substratum  is  presented  during 
the  germination  of  spores.  The  spores  of  most  parasites  ger- 
minate in  water.  Those  of  certain  smut-fungi,  especially  in 
the  fresh  condition,  will  not  germinate  at  all,  or  only  to 
a  very  limited  extent  in  water,  whereas  they  will  do  so 
immediately  and  unanimously  ou  being  offered  a  nutritive 
solution.  Tilletia,  a  genus  of  Ustilagineae,  behaves,  however, 
in  quite  the  reverse  way,  it  germinates  only  in  water,  and 
refuses  to  do  so  in  nutritive  solutions.  Hartig  found  that  the 
spores  of  dry-rot  (Aferulius)  would  neither  germinate  in  water 
nor  in  the  usual  nutritive  solutions,  but  that  they  did  so  at 
once  on  adding  alkalies  to  the  water,  such  as  those  supplied 
by  addition  of  urine.  Very  characteristic  is  the  behaviour 
of  these  spores,  which  only  germinate  in  contact  with  their 
host-plants,  like  many  Chytridieae1  (Synchytrium),  as  well  as 
Completoria  and  Protomyces.2  Others  again  send  out  germ-tubes 
which  remain  small  and  soon  die  away  if  an  immediate 
opportunity  of  penetration  into  a  host  is  not  presented.  Be 
Bary  states  this  to  be  the  case  with  swarm-spores  of  Cystopus, 
Peronospora  nivea,  Erysipheae,  etc.  Amongst  the  Uredineae,  the 
germ-tubes  are  short-lived ;  they  will  penetrate  into  almost  any 

'De  Bary,  Morphology  and  Biology  of  the  Fungi,  chap.   vn. 
*  An   exactly  parallel   case   ii  presented   by  the  seed  of  Orobancheae,  which 
germinate  only  in  contact  with  the  roots  of  their  host  (Koch's  " Orobanehen," 

Heidelberg,  1887}. 
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host,  but  soon  die  off,  if  it  be  not  a  suitable  one.  De  Bary 
also  observed  a  germ-tube  of  Peronospora  pygmaea,  which 
frequents  Anemone,  making  its  way  into  Ranunculus  Ficaria, 
but  soon  to  die.  Germinating  spores  of  Cystopus  candidus  will 
enter  the  stomata  on  leaves  of  any  of  their  host-plants,  especially 
Capsella,  but  will  only  develop  further  if  they  are  successful 
in  penetrating  into  the  cotyledons. 

Variation  in  the  substratum  produces  very  great  difference  in 
the  formation  of  the  reproductive  organs.  Thus  many  Ustila- 
gineoe  produce  conidia  by  continuous  sprouting  only  when 
cultivated  in  nutritive  solutions,  while  their  resting-spores  are 
developed  only  from  a  mycelium  which  inhabits  the  reproductive 
organs  of  their  host ;  this  is  the  case  with  Ustilago  caricis, 
U.  anthearum,  aud  U.  tritici.  In  others  the  spores  are  found  in 
all  parts  of  the  flower,  and  even  in  the  inflorescence,  as  in 
Ustilago  crucnta  and  U.  tragopogonis,  while  in  Ustilago  maydis 
spores  are  also  produced   in   leaves   and  stems. 

The  various  parts  of  the  same  plant  behave  very  differently  in 
this  respect.  The  Ustilagineae  just  considered  reproduce  them- 
selves only  on  certain  organs  of  their  host,  although  the 
mycelium  is  also  present  in  other  organs.  Other  fungi  behaving 
similarly  are  Epichloe  typhina  which  produces  its  perithecia  only 
on  the  surface  of  the  sheath  of  one  of  the  leaves  just  below  the 
inflorescence ;  Aecidium  elatinum  develops  its  aecidia  only  on 
the  needles  of  the  witches'  broom;  Aecidium  eupkorbiae  has  its 
aecidia  only  on  the  leaves  of  its  host ;  Ecoascus  pruni  has  asci 
only  on  the  fruit ;  Catyptospora  produces  teleutospores  in  the 
epidermal  cells  of  the  stem,  never  of  the  leaves  ;  and  so  on  in 
many  other  cases. 

The  formation  of  oogouia  of  Cystopus  exhibits  a  striking  vari- 
ation according  to  the  host-plant.  Cystopus  candidus  on  Capsella 
produces  conidia  alone,  never  oogouia ;  yet  the  latter  are  plenti- 
fully developed  in  flowers  of  Brassica,  being  confined,  however,  to 
the  flowers,  while  conidia  are  produced  in  all  parts.  Cystopus 
bliti  forms  conidia  only  in  the  leaves,  and  oogonia  only  in  the 
Stems  of  Amaranthus  blitum.1 

The  mycelium  of  many  other  fungi  can  only  grow  in  certain 
organs,  while  germ-tubes  from  the  spores  are  only  able  to  pene- 
trate into  certain  parts  of  the  host.  Thus,  Exoascus  alni  incanae 
'De  Bary,  Morphology  and  Biology  of  the  Fungi,  Engliih  Edition,  p.  39). 
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has  a  mycelium  only  in  catkin-scales;  Exoascm  pruni,  however, 
hibernates  in  the  twigs,  and  forma  reproductive  organs  only  in 
the  walla  of  the  ovary  ;  Aeddium  strobiiinum  grows  only  on  the 
cone-scales  of  spruce;  Claviceps  frequents  only  the  young  ovaries 
of  cereals  and  grasses ;  and  so  on,  other  fungi  inhabit  only  leaf, 
stem,  root,  or  flower. 

In  this  connection  points  of  considerable  interest  are  presented 
by  the  behaviour  of  many  Uredineae  hitherto  little  investi- 
gated. As  was  pointed  out  by  De  Bary,  the  germ-tubes 
produced  from  both  uredospores  and  aecidiosporea  (in  Puccinut 
dianthi  those  from  sporidia  also),  penetrate  into  the  atomata 
of  any  phanerogamous  plant.  If,  however,  that  should  not  be 
a  host-plant  of  the  fungus  in  question,  then  the  germ-tubes 
die  away  in  the  stomatal  air-cavity.  If  the  host  suits  the 
fungus  only  in  a  limited  degree,  then  no  hypertrophy  will 
result,  and  the  latter  will  attain  only  to  the  formation  of  spermo- 
gonia. Let  the  host,  however,  he  the  one  best  suited  to  the 
fungus,  then  hypertrophy  will  result  and  aecidia  be  developed. 
Very  conclusive  evidence  of  this  interesting  condition  has  been 
furnished  by  numerous  experiments  which  I  have  carried  out 
with  spores  of  Gymnosporangium.1  If  one  infects  Crataegus 
Oxyacantha  with  G.  clavariaeforme,  very  marked  stem -hypertrophy 
results,  even  by  the  time  the  spermogonia  have  made  their 
appearance ;  there  is  also  considerable  swelling  of  leaves  and 
slight  enlargement  of  cotyledons,  while  aecidia  are  produced 
in  numbers  everywhere.  When  the  same  fungus  is  used  to 
infect  Pyrus  Amuparia,  no  yellow  spots  or  malformation 
of  any  kind  results,  and  spermogonia,  hardly  visible  with  a 
lens,  are  formed  only  here  and  there.  A  similar  infection  on 
Pyrus  latifolia  {P.  Aria  X  torminalis)  results  in  a  crop  of 
badly  developed  aecidia.  If  quince  be  infected,  then  without 
any  hypertrophy  whatever,  little  red  spots  bearing  numerous 
spermogonia  are  formed  on  the  leaves,  but  the  development  of 
the  fungus  ceases  there;  on  the  death  of  the  quince  leaves, 
the  chlorophyll  is  retained  in  the  immediate  neighbourhood  of 
the  spermogonia!  spots,  bo  that  they  remain  for  some  time  as 
green  islands  on  the  yellow  leaf.  R.  Hartig's  infections  with 
Melampsora  tremulac  also  led  to  varied  results ;  on  Pinvs  there 
ensued  a  distinct  disease  of  the  cortex  (Caeoma  pinitorquum), 
1  v.  Tubeuf,  Centralbialt /.  Bacteriolotjk  u.  Paratitinkundt,  1891. 
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while  on   Larva  only   little  cushions    appeared    on   the   needles 
(Caeoma  laricis). 

These  variations  in  the  effect  of  the  substratum  on  the 
development  and  reproduction  of  the  parasites  assist  us  to 
understand  the  well-known  resistance  of  certain  varieties  and 
species  against  epidemic  diseases,  which  are  sweeping  off  their 
near  allies.  Thus,  we  know  that  some  varieties  of  cereals  suffer 
from  attacks  of  rust-fungi  more  than  others  grown  under  like 
conditions.  Similarly  amongst  the  varieties  of  vine  some  are 
known  to  be  more  sensitive  to  disease  than  others.  These 
points  will  be  more  fully  discussed   in  a  subsequent  chapter. 
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CHAPTER   IV. 
NATURAL  AND  ARTIFICIAL   INFECTION. 

§  1 0.  In  artificial  infection  we  have  a  safe  mode  of  distinguishing 
whether  a  fungus  is  parasitic  or  not ;  in  other  words,  whether 
it  is  capable  of  penetrating  into  the  organs  of  living  plants. 
This  method  of  investigation  should  always  be  resorted  to  in 
determining  the  cause  of  disease,  more  especially,  if  mycelium 
or  sporo carps  of  several  fungi  are  present  on  the  diseased 
material  simultaneously.  For  it  not  unfrequently  happens  that 
the  disease  has  made  so  much  progress  as  to  make  it  quite 
impossible  to  determine  whether  or  not  any  fungi  present  on 
the  dead  remains  are  really  the  cause  of  disease.  In  many 
cases  where  one  finds  a  mycelium  in  living  parts,  it  has 
disappeared,  and  only  sporocarps  remain  in  portions  already 
killed. 

Injuries  due  to  insects  frequently  accompany  fungi  on  a 
diseased  plant,  so  that  it  is  extremely  difficult  to  say  which  was 
the  primary  cause  of  the  damage,  and  artificial  infection  must 
be  resorted  to.  So  also  with  injuries  from  some  external  source 
like  drought,  heat,  cold,  moisture,  and  mechanical  causes. 
Fungi  appear  so  soon  after  hurtful  agents  like  these,  that  it 
becomes  doubtful  whether  they  are  the  cause  of  the  death  of 
the  host,  or  the  result  of  it. 

Minute  observations  in  situ  of  all  the  circumstances  connected 
with  the  attack,  combined  with  examination  of  numerous  speci- 
mens and  comparison  with  neighbouring  plants,  enable  one, 
after  some  experience,  to  say  with  a  fair  degree  of  certainty, 
whether  the  disease  in  question  is  of  fungoid  origin  or  not. 
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The  exact  proof,  however,  is  best  obtained  by  means  of  experi- 
mental infection. 

With  many  parasites  the  sporocarps  are  normally  developed 
saprophytically  on  a  dead  substratum,  so  that  if  parasitism 
be  suspected  it  can  only  be  proved  by  infection.  Thus  the 
perithelia  of  Neetria  cinna&arina  develop  only  after  the  death 
■of  the  plant-OTgan,  which  the  fungus  attacked  when  alive.  The 
more  complex  reproductive  organs  of  many  fungi  are  developed 
-only  on  dead  remains  of  the  host,  while  on  living  or  dying 
parts  one  finds  various  forms  of  conidia  of  doubtful  relation- 
ship. In  many  cases  it  has  been  possible,  by  means  of  artificial 
culture  alone,  or  combined  with  artificial  infection,  to  prove 
various  forms  of  reproductive  organs'  to  be  stages  in  the  life 
of  the  same  fungus. 

When  a  group  of  fungi  contains  both  saprophytes  and  parasites, 
it  is  often  necessary  to  determine  whether  some  species  is  para- 
sitic or  purely  saprophytic.  This  is  particularly  the  case  with  the 
groups  of  Pyrenomycetes,  Discomycetes,  Hymen omycetes,  several 
groups  of  the  lower  Fungi,  the  Bacteria,  and  Myxomycetes.  It 
is  unnecessary,  however,  with  the  Uredineae,  Ustilagineae,  Per- 
onosporeae,  Exoaaceae,  and  other  groups  known  to  contain 
parasites  exclusively. 

But  even  in  these  last-mentioned  groups  experimental  in- 
fection is  necessary  for  obtaining  information  on  other  points. 
The  reproductive  organs  of  Uredineae  cannot  be  reared  in 
artificial  solutions,  so  that  their  cultivation  must  be  carried  out 
on  the  living  host-plant.  In  this  way  alone  can  we  ascertain 
the  relationship  of  uredospores,  teleutospores,  and  aecidial-forms, 
where  any  doubt  occurs  as  to  their  belonging  to  the  same 
species.  Infection  becomes  particularly  valuable  when  one  has 
to  investigate  heteroecious  Uredineae,  whose  various  forms  of 
reproductive  organs  inhabit  several  host-plants.  Thus  it  was 
by  means  of  infection  that  De  Bary  discovered  the  connection  of 
Aeeidium  bei'beridis  on  the  barberry,  and  Puccinia  graminia  on 
cereals ;  likewise  Hartig,  the  relationship  of  Melampaora  Goep- 
pertiana  on  cowberry  with  Atriditcm  columnare  on  needles  of 
silver  fir.  There  still  remain  many  aecidia,  teleutospores,  aud 
uredospores,  whose  related  forms  have  not  yet  been  found. 

Infections  are  also  necessary  to  determine  the  species  of  a 
fungus.     It  has  been  found,  for  example,  that  Gymnosporangium 
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con/umm  and  G.  saMtuie  may,  in  their  aecidial  stage,  be  dis- 
tinguished as  two  species  inhabiting  distinct  hosts — Crataegus  and 
Pyrus  respectively — whereas,  in  their  teleutospore  stage  on  juniper, 
they  scarcely  vary.  In  infection  we  have  an  important  aid  in 
determining  the  host-plants  of  the  various  forms  of  heteroecious 
fungi,  and  in  this  way  it  has  been  found  that  the  same  fungus 
behaves  differently  according  to  the  host-plant  on  which  it 
is  present.  Thus,  in  the  genus  Gymnoaporangium,  I  have  found 
that  a  certain  species  had  well-developed  aecidia  on  one  plant, 
poorly  developed  ones  on  another,  while  on  a  third  only  spermo- 
gonia  appeared.  Similarly,  in  that  case  already  mentioned, 
Hartig  found  the  Melampsora  of  the  aspen  to  produce  on  the 
pine  a  disease  of  the  cortex,  accompanied  by  marked  deformation, 
while  on  the  larch  the  symptoms  were  mere  inconspicuous  aecidia 
on  the  needles. 

Amongst  the  Ustilagineae,  experimental  infection  is  necessary 
to  determine  whether  the  natural  infection  of  host-plants  results 
from  germinating  spores  (chlamydospores),  or  from  germinating 
conidia  (sporidia).  Kiihn  was  able  by  this  means  to  demonstrate 
exactly  that  the  spores  of  Ustilagineae  produced  germ-tubes 
capable  of  direct  infection.  Brefeld  succeeded  in  observing  the 
penetration  of  germinating  sporidia  into  a  host-plant.  In  this 
way  he  proved,  amongst  other  facts,  that  maize  may  be  attacked 
by  Vstilago  maydis  on  any  young  part ;  also,  that  the  mycelium 
remained  local.  Oats,  on  the  other  hand,  could  only  be  infected 
by  UstUago  avenae  at  the  neck  of  the  young  seedling,  and  the- 
mycelium  extended  through  the  plant  till  it  reached  the  inflor- 
escence, where  the  Bpores  are  formed. 

In  the  case  of  the  Exoasceae,  two  points  were  cleared  by  the 
aid  of  artificial  infection — the  penetration  of  spores  into  leaves  of 
host-plants,  and  the  production  of  witches'  brooms.  Sadebeck,1 
by  means  of  infections  of  Exaascus  epiphyllus  on  Alnus  incana,  has- 
produced  witches'  brooms  artificially,  thus  proving  that  these 
malformations  really  originated  from  the  mycelium  of  Mxoascus. 

It  is  by  infection-experiments  that  one  determines  into  which- 
part  of  a  host  the  germ-tubes  penetrate,  whether  into  leaf,  flower, 
fruit,  stem,  or  root,  and  also  whether  it  passes  through  the 
epidermis,  or  between  two  adjacent  epidermal  cells,  or  through 
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the  stoma  ta.  Also,  whether  the  germ-tube  formed  from  a 
germinating  spore  penetrates  direct,  or  if,  as  shown  by  De  Bary 
for  Scterotinia,  a  mycelium  vigorous  enough  to  penetrate  must 
first  be  developed  saprophytically. 

In  this  connection  De  Bary  '  states  that  the  germ-tubes  from  all  aecidio- 
sporea  and  uredosporee  only  penetrate  by  stomata,  and  thence  extend  through 
the  intercellular  spaces.  Entry  through  the  stomata  has  also  been  observed 
on  the  germ-tubes  from  sporidla  of  Ltptopuaeima  diantki,  and  from  spores  of 
Entyloma.  On  the  other  hand,  germ-tubes  from  the  spores  of  teleutoepores, 
from  spores  of  Peronoeporeae,  Ustilagineae,  Sclerotinia,  Polyttigtna,  Pro- 
tomyce*,  and  Synchytrium  effect  an  entrance  through  the  outer  cell-walls  into 
the  epidermal  cells  or  stomatal  guard-cells.  De  Bary  also  describes  the 
peculiar  behaviour  of  zoospores  of  Cyitopus  and  Peronotpora  umbettiferarHm, 
which,  if  they  come  to  rest  near  a  stoma,  germinate,  and  the  germ-tube 
enters  therein,  whereas  one  developed  in  water  soon  dies.  Certain  fungi 
penetrate  sometimes  through  the  membrnne,  sometimes  by  a  stoma,  e.g. — 
Phytophlkora  infestans,  Peronospora  parasitica,  Exobasidium  vaceinii. 

In  the  case  of  Phytophthora  omnivora,  Hartig  found  that  the  germ-tubes 
from  the  zoospores  crept  along  the  surface  of  the  leaf  till  they  reached  a 
place  where  two  epidermal  cells  adjoined ;  there  they  entered,  and  only 
rarely  grow  into  the  epidermal  cells.  The  germ-tubes  of  Protomyce*  macro- 
tporu*  and  Tuburcinia  trienlalis  enter  their  hosts  in  the  same  way. 

From  experiments,  one  is  able  to  determine  the  conditions 
favourable,  or  otherwise,  to  infection  by  parasitic  fungi;  to  ascertain 
the  influence  of  temperature,  air-moisture,  water-content  of  the 
host,  hairiness  of  the  leaves,  and  the  effect  of  resin  or  other 
excretions  as  protections  to  wounds.  For  example,  it  was  in 
this  way  that  Hartig  found  Salix  pulchra  (pruinosa  X  dapknoides) 
to  be  a  hybrid  which,  on  account  of  its  hairy  leaves,  is  more 
resistant  to  Melampsora  than  Salix  pruinosa,1  Much  investiga- 
tion remains  yet  to  be  done  in  this  direction  to  ascertain  what 
varieties  or  species  of  cultivated  plants  are  likely  to  be  least 
liable  to  attack  by  epidemic  diseases.8 

The  methods  used  in  carrying  out  artificial  infection  are 
based  on  the  observation  of  cases  of  natural  infection.  Most 
frequently  infection  is  performed  by  means  of  spores,  less  often 
with  mycelium. 

The  spores  of  lower  forms  of  fungi  are  generally  distributed 
by   means   of  water,  especially  in  dew  or  rain.     Zoospores  are 

1  Morphology  and  Biology  of  the  Fungi,  English  Edition,  pp.  381-302. 

'Hartig,  Diseases  of  Trees,  English  Edition,  1894,  p.  171. 

'See  Chapter  v.  on  "Disposition." 
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completely  adapted  for  distribution  in  water.  Amongst  the 
higher  fungi,  spore-distribution  almost  always  takes  place  by  means 
of  wind.  Insects  as  agents  are  rare,  although  one  does  occa- 
sionally find  special  adaptations  intended  to  secure  their  visits. 
The  spores  of  many  fungi  are  forcibly  ejected  from  the  sporo- 
carps,  asci,  or  sporangia ;  some  of  the  many  arrangements  which 
ensure  this  will  be  given  in  the  special  part  of  this  book,  others 
will  be  found  in  the  works  of  Zopf,1  and  De  Bary.1  Ludwig, 
in  his  text-book,*  points  out  that  the  spores  of  many  Ustila- 
gineae  frequenting  entomophilous  flowers,  are  provided  with 
ridges  and  spines,  which  are  probably  an  adaptation  to  their 
transportation  by  insects;  smooth-coated  spores  are  more  common 
on  leaves,  stems,  and  organs  other  than  the  flower,  and  are 
evidently  distributed  by  the  agency  of  wind. 

The  mode  of  distribution  and  infection  is  quite  apparent  in 
many  fungi.  Thus  in  the  oat-smut  (Ustilago  avcnae),  the 
diseased  ears  in  a  field  rise  above  the  Bound,  so  that  the  light 
dusty  spores  are  shaken  out  in  clouds  by  the  slightest  wind ; 
they  hibernate  on  the  earth  or  on  straw,  and  germinate  in 
spring  to  infect  the  oat-seedlings  at  the  base  of  the  stem. 
Equally  simple  is  the  distribution  of  spores  and  conidia  from 
one  plant  to  another  by  wind  during  summer.  Good  examples 
of  this  mode  are  the  conidia  of  the  Erysipheae,  and  the 
aecidiospores  and  uredospores  of  the  tlredineae.  Thus,  the 
yellow  spores  of  Chrymnyxa  rkododcndri,  when  the  aecidia  are 
present  in  very  large  numbers  on  the  needles  of  spruce, 
may  cause  the  phenomenon  known  as  "sulphur-rain."  It  is 
well  known  that  this  is  generally  due  to  the  yellow  pollen  of 
conifers  caught  and  carried  to  the  ground  in  showers  of  rain, 
but  E,  Hartig  describes  a  case  observed  by  him  near  Achen-see 
(Tyrol),  where  objects  were  covered  by  a  yellow  dust,  consisting 
exclusively  of  spores  of  Chrysomyza.  Spores  of  this  kind  are 
capable  of  transport  to  very  great  distances,  so  that  heteroecious 
species  can  still  keep  up  their  connection  even  though  by  no 
means  near  each  other. 

Aecidiospores  of  all  kinds  are  distributed  more  by  wind  than 
by  insects.    In  rare  cases,  however,  the  aecidia  have  a  sweet  floral 

'Zopf,   Die  PUu,   1811(1.  p.  349. 

'De  Bary,  Morphology  and  Biology  of  the  Fungi,  English  Edition,  1687. 

1  Lthrbveh  d.  nieiieren  Kryptogamtu,  e.g.  p.  370. 
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odour,  e.g.  Aec.  odoratum  in  America.  The  wind  we  must  also 
regard  as  the  distributor  of  uredospores  and  of  the  sporidia  of 
germinating  teleutospores.  The  Uredineae  have  typical  spores 
for  distribution  by  wind  with  the  exception  of  the  so-called 
spermogonia.  These  structures  are  produced  by  most  Uredineae, 
generally  on  the  upper  surface  of  the  leaf  and  before  the  aecidia; 
they  are  brightly  coloured,  and  give  out  spermatia  in  a  sticky 
gelatinous  slime,  frequently  with  a  distinct  odour.  Thus  they 
seem  to  be  admirably  adapted  to  .transport  by  insects,  and  are 
in  fact  visited  by  them.  Their  distribution,  however,  has  little 
importance,  since  they  are,  as  far  as  known,  incapable  of 
germination.  They  are  regarded  by  many  as  degenerate  forms, 
either  of  male  sexual  organs,  or  of  pycnidia.  Some  of  the 
spermatia  have  been  made  to  germinate  in  artificial  culture, 
but  of  their  incapacity  to  germinate  in  natural  surroundings 
there  can  be  no  doubt  I  am  not  aware  of  any  one  who 
has  succeeded  in  bringing  about  infection  with  these  spermatia, 
but  I  have  tried  it  often  with  no  result. 

It  is  much  more  difficult  to  ascertain  how  fungi,  which 
hibernate  on  the  earth,  find  their  way  in  spring  to  their 
respective  host-plants,  in  some  cases  even  to  the  crown  of  very 
large  trees.  Amongst  such  forms  one  frequently  finds  an 
arrangement  by  which  the  spores  are  forcibly  ejaculated.  Thus 
fikytisma  aeerinum,  which  reaches  maturity  only  in  spring  after 
hibernating  on  dead  sycamore  leaves,  and  Sclerotinia  betulae, 
which  does  so  on  fallen  fruits  of  birch,  both  have  their  spores 
forcibly  ejaculated  and  carried  off  by  wind.  Klebahn  states 
that  the  ejaculation  takes  place  in  dry  weather,  and  that  the 
spores  of  Mkytisma  are  prevented  from  drying  up  by  a  gela- 
tinous covering.  In  a  similar  manner  the  hibernating  spores  of 
Erysipheae  on  fallen  leaves  must  be  carried  up  again  by  wind ; 
bo  also  those  of  Polystigma,  which  ripen  on  the  ground  and  then 
infect  young  leaves  of  plum  and  cherry  trees. 

Infection  by  means  of  the  mycelium  generally  occurs  where 
the  mycelium  lives  in  the  earth.  Thus,  the  hyphae  of  Trametes 
radicyperda  grow  rapidly  from  one  root  to  another,  causing  a 
centrifugal  spreading  of  the  fungus,  so  that  forests  attacked  by 
it  have  the  trees  killed  off  in  patches.  Mycelial  infection  is  still 
more  effective  in  fungi  like  Agarieua  mellcus  which  assume  the 
form  of  rhizomorphe.     Infection  by  means  of  the  mycelium  may 
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also  occur  amongst  species  of  fungi  living  above  ground.  Thus 
the  mycelium  of  Botrytis  spreads  from  plant  to  plant,  and  on  seed- 
lings in  hot-beds,  may  form  felted  masses.  Similarly  the  mycelia 
of  Erysipheae,  of  Trickosphaeria,  and  of  Merpotricliia  make  their 
way  from  one  part  of  a  plant  to  a  neighbouring  part  in  contact. 

Artificial  infection  may  be  carried  out  by  means  of  spores 
or  by  mycelium.  In  the  case  of  swarm-spores,  the  operation 
can  only  be  conducted  in  a  damp  chamber  and  ou  well- 
moistened  leaves.  Thus,  young  plants  of  beech  must  be  well 
sprayed,  then  infected  with  conidia  of  Phytopkthora  omnivora, 
and  placed  under  a  bell-jar  to  prevent  drying  up.  In  this  and 
many  other  similar  cases  one  finds  that  while  the  spores  require 
moisture  to  ensure  germination,  yet  the  germ-tubes  easily  leave 
the  water-drops  and  penetrate  into  the  leaves ;  in  other  words, 
the  living  leaf  exerts  a  greater  influence  on  them  than  the  water, 
the  chemotropic  stimulus  is  stronger  than  the  hydrotropic 

The  spores  of  the  lower  fungi  are  best  isolated  by  the  aid 
of  a  lens  or  microscope,  then  washed  on  to  the  place  to  be 
infected.  In  the  case  of  Ustilagineae  and  Uredineae  the  same 
method  is  used,  except  that  dry  powdery  forms  of  spore  are 
simply  dusted  on  to  the  host-plant  to  be  infected.  When  spores 
of  Ustilagineae  are  being  used  the  addition  of  excrement  of 
some  sort  is  frequently  of  advantage,  since  it  promotes  better 
germination  and  the  formation  of  conidia  capable  of  infection 
after  it  is  exhausted.  One  must  also  pay  attention  to  the  fact 
that  some  smut-spores  can  only  infect  the  base  of  the  stem  or 
parts  in  process  of  elongation,  while  others  can  only  attack 
parts  of  the  flowers.  The  teleutospores  of  the  Uredineae  must 
first  be  germinated  in  order  to  obtain  the  sporidia  with  which 
infection  is  carried  out ;  this  generally  takes  place  in  water. 
Thus  with  species  of  Gymnosp&rangium  it  will  be  found  best  to 
mix  the  whole  gelatinous  mass  of  teleutospores  with  a  little 
water  in  a  shallow  glass  dish,  and  to  ascertain,  by  microscopic 
investigation  after  a  few  hours,  whether  any  sporidia  have  been 
produced.  If  this  be  the  case,  the  gelatinous  mass  is  thoroughly 
broken  up,  more  water  added,  and  the  yellowish  water  sprinkled 
over  the  host-plant.  Care  must,  however,  be  taken  that  the 
larger  portions  of  the  teleutospore-mass  are  not  left  on  the 
leaves,  otherwise  death  of  the  latter  will  occur  at  these  places 
without  infection  taking  place.     For  a  similar  reason  it  is  not 
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advisable  to  lay  portions  of  diseased  leaves  directly  on  healthy 
ones,  it  is  much  better  to  place  them  near  each  other  in  a 
moist  chamber,  hanging  the  former  over  the  latter. 

When  infection  is  carried  on  out-of-doors,  it  is  best  to  obtain 
a  small  plant  which  can  be  accommodated  under  a  bell-jar.  If 
this  be  unattainable,  it  is  often  possible  to  bend  one  of  the  lower 
branches  down  to  the  ground  or  other  support,  so  that  it  can  be 
covered  with  a  bell-jar.  Again,  a  branch  or  portion  of  it  may  be 
first  sprinkled,  then  bound  loosely  up  in  a  parchment-paper. 
When  carrying  on  infection  it  is  of  importance  to  avoid  very 
hot  and  dry  or  cold  days ;  moist,  warm  and  cloudy  days,  or  close 
still  oights,  will  be  found  best.  In  the  case  of  diseases  of  the 
rind,  it  is  generally  necessary  to  wound  the  periderm  by  a  few 
fine  knife-cute,  then  to  place  thereon  a  few  drops  of  water  with 
infecting  spores  suspended  in  it. 

Artificial  infection  by  means  of  mycelium  is  generally 
attained  by  placing  a  diseased  portion  containing  living  my- 
celium in  contact  with  the  healthy,  so  that  the  mycelium  can 
grow  from  the  one  to  the  other.  Thus,  with  bark-diBeases,  a 
small  portion  of  diseased  rind  is  cut  out  and  fitted  into  a 
corresponding  incision  in  the  rind  of  the  plant  to  be  infected, 
the  oculation  or  graft  being  then  protected  against  drying  up  by 
gtttta-percha,  tree-wax,  or  parchment.  The  ingrafted  portion 
need  not  fit  very  accurately  if  well  bound  up,  because  the 
mycelium  will  grow  well  in  the  moist  chamber  so  formed.  The 
most  vigorous  mycelium  is  generally  found  on  the  boundary  be- 
tween healthy  and  diseased  parts,  so  that  portions  from  this 
region  should  be  selected  for  infection. 

If  the  fungus  under  investigation  frequents  the  wood,  it  iB,  aa 
a  rule,  a  wound-parasite,  so  that  for  its  infection  the  wood  must 
be  laid  bare,  and  a  diseased  portion  applied  to  it.  If  a  branch  is 
to  be- infected  (e.g.  with  Nectria,  or  Cvcurbitaria),  then  it  should 
be  cut  over  a  bud,  the  exposed  end  split,  and  a  fine  wedge  of 
diseased  wood  inserted,  the  whole  being  bound  up.  It  is  also 
possible  to  graft  a  diseased  branch  on  to  a  healthy.  In  the 
case  of  stems,  a  portion  of  the  healthy  one  should  be  removed,  a 
diseased  piece  inserted,  and  the  wound  closed  over  with  grafting- 
wax  or  clay.  Pressler's  growth-borer  may  in  such  cases  be 
used  with  good  results  to  obtain  a  cylinder  of  diseased  wood, 
and  to  make  a  suitable  receptacle  for  it  in  the  sound  plant. 
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CHAPTER  V. 
DISPOSITION  OF  PLANTS  TO  DISEASE. 

§11.  We  must  here  distinguish  between  an  internal  or 
inherent  disposition  dependent  on  the  constitution  of  the  living 
protoplasm  of  the  host-cells,  and  an  external  or  accidental  dis- 
position arising  from  anatomical  peculiarities  or  from  the  con- 
ditions of  environment. 

The  condition  of  inherent  disposition  has  as  yet  been  little 
investigated.  In  many  cases  it  must  be  allowed  that  resting 
cells  are  more  disposed  to  disease  than  those  in  full  activity 
of  life.  Thus  De  Bary,1  basing  his  conclusions  on  the  observations 
of  Davaine  and  Brefeld,  points  out  that  various  species  of  Muarr, 
Peniciilium,  and  allied  forms  penetrate  into  ripe  juicy  fruits, 
and  remarks :  "  Observation  of  the  fruits  shows  that  the  fungi 
develop  more  easily,  the  nearer  the  vital  powers  of  the  plants 
attacked  are  to  their  lower  limit,  and  at  this  point  the  conditions 
of  saprophytic  vegetation  make  their  appearance." 2  Davaine 
also  found  that  the  vegetative  organs  of  several  succulent  plants 
show  the  same  phenomena  as  the  fruits.  As  further  examples 
may  be  mentioned  that  fungi  can  frequently  penetrate  withering 
plant-organs  while  they  could  not  infect  the  fresh  living  tissue. 
Hartig  observed  on  Peziza  Willhommii  that  the  mycelium  of  this 
bark-parasite  advanced  and  killed  the  tissues  only  while  the  host- 
cells  were  in  a  condition  of  vegetative  rest,  not  during  their 
active  period. 

1  Morphology  and  Biology  of  the  Fungi,  English  Edition,  p.  3B0. 
*Wehmer  {Btitrdge  s.  Kennl.  einheimuchtr  PUte,  Jena,  1895),  has  contributed 
new  facte  to  this  subject,  which  are  referred  to  later. 
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Hartig 1  also  found  that  Agaricus  melleus,  in  penetrating  into 
stools  of  oak,  only  killed  those  cells  which,  as  it  were,  rested, 
whereas  the  cells  of  parts  in  communication  with  stool-shoote 
are  not  attacked.  Likewise,  Schwarz  states  that  the  mycelium 
of  Cenangium  abietis  only  extends  through  pine-shoots  at  a  time 
when  there  is  little  vegetative  activity. 

Accidental  disposition  depends  largely  on  the  nature  of  the 
epidermis  enclosing  plant-organs.  The  stems  of  many  plants  are 
protected  from  intruding  fungi  from  the  time  the  epidermis  is 
replaced  by  a  corky  layer,  still  better  after  a  bark  is  formed. 
Hence  young  shoots  are  in  a  condition  of  greater  disposition 
than  older  ones.  There  are,  however,  various  grades  of  dis- 
position to  be  observed,  even  when  a  simple  epidermis  forms 
the  only  covering,  as  is  the  case  with  most  leaves,  flowers,  and 
many  fruits.  The  newly-formed  epidermis  is,  as  a  rule,  most 
disposed  while  its  walls  are  still  delicate  and  uncuticularized, 
hence  many  organs  are  exposed  to  attacks  of  fungi  only  in  their 
youngest  condition.  It  is  easy  to  infect  and  kill  young  leaves, 
and  shoots  of  conifers  with  Botrytis  Dovglasii,  whereas  older 
needles  will  remain  quite  unharmed.  Similarly  with  Ckrytomyxa 
rhododendri  on  spruce -needles,  Calyptospora  Goeppertiana  on 
silver  fir,  and  others.  Flowers  are  also  more  easily  infected 
in  the  young  stage,  e.g.  cones  of  spruce  by  Aecidivm  strobilinvm. 

During  early  youth  plants  are  insufficiently  protected  from 
great  cold  and  drought,  and  also  from  infection  by  parasitic 
fungi.  This  may  be  because  the  young  non-cuticularized  walls 
offer  less  resistance  to  the  germ-tubes  and  haustoria,  or  because 
they  are  more  permeable  to  any  ferment  excreted  by  the  fungus. 
Organs  developed  late  in  the  vegetative  season  resemble  those 
in  the  spring-condition  in  that  they  have  not  as  yet  matured, 
end  are  but  poorly  protected  against  extremes  of  temperature, 
or  attacks  of  parasites. 

The  condition  of  disposition  may  be  easily  promoted  for 
purposes  of  artificial  infection,  by  cultivating  the  host-plants  in 
a  nioiat  chamber,  or  under  a  bell-jar.  The  same  condition 
may  easily  arise  in  glass  houses  or  hot-beds,  hence  one  has,  by 
means  of  constant  ventilation,  to  guard  .against  it, 

Many  diseases  of  seedlings  {e.g.  Phytophthora  omnirora, 
and  Fythium)  are  only   to   be   feared   so   long  as  the  stems  of 

1  Forstl,  -naiuncw.   Ztittchrifl,  1894. 
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their  hosts,  are  unprotected  by  cork-formation.  Plant-organs 
rich  in  water  are  in  a  condition  which  disposes  them  to  attack, 
much  more  than  drier  parts.  The  younger  parts  of  any  plant 
are  more  disposed  than  older  parts.  Thus  in  a  spruce-hedge 
with  young  shoots  appearing  at  different  times,  only  those 
shoots  will  be  liable  to  attack,  which  are  young  at  the  time 
of  the  scattering  of  the  spores  of  Ckrysomyxa  ahietis,  or  other 
spruce-fungus.  De  Bary  was  of  opinion  that  plants  of  Capaella 
were  disposed  to  attacks  of  Cystopus  candidus,  only  as  long  as 
they  retained  their  cotyledons,  because  only  those  spores  ger- 
minating on  the  cotyledons  form  a  mycelium  which  ultimately 
finds  its  way  through  the  plant,  whereas  plants  which  had 
already  lost  their  cotyledons  at  the  time  of  infection  were 
in  no  danger.  Many  of  the  Ustilagineae  attack  cereals  only 
when  these  have  just  emerged  from  the  soil,  infecting  the 
young  Btems  on  the  first  sheath-leaf,  whereas  older  and  more 
advanced  individuals  are  exempt  While  all  plants  with  a 
delicate  epidermis  or  corky.layer  are  liable  to  disease,  yet  some 
are  more  bo  than  others.  This  is  exemplified  by  the  different 
powers  of  resistance  to  disease,  or  insect  attacks  exhibited  by 
nearly  allied  forms  of  our  cultivated  plants,  e.g.  vines;  a  differ- 
ence probably  due  to  some  variation  in  their  outer  membranes, 
Buch  as  is  further  demonstrated  by  thick-skinned  potatoes  being 
more  resistant  to  disease  than  thin-skinned. 

Disposition  is  often  due  to  external  circumstances.  These, 
however,  act  rather  in  presenting  favourable  opportunities  for 
infection  by  germinating  spores,  than  by  directly  disposing  the 
plant  to  disease.  Thus  prolonged  wetting  of  a  leaf  from  rain 
favours  germination  of  spores,  and  at  the  same  time  by  softening 
the  leaf,  facilitates  penetration  of  the  germ-tubes,  Stahl  •  has 
pointed  out  that  leaves  on  which  water  remains  for  any  length 
of  time,  present  greater  opportunity  for  growth  of  saprophytic 
epiphytes  or  for  infection  by  parasites,  than  leaves  with  a 
smooth  surface  or  of  a  shape  which  facilitates  ready  escape  of 
water  from  their  surface.  It  is  also  well  known  that  larches 
in  damp  situations  suffer  more  from  Peziza  Will/commit  than 
those  in  drier  places,  the  fungus-spores  maturing  and  germinat- 
ing  only   in    moist    air.     Similarly,   moist    weather    or   damp 

1  "  Regenfall  o.  BUttgeitalt,"  Ann,  du  Jar  din  bolan,  de  Btaltnairg,  XI.,  1893, 
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situations  favour  reproduction  of  mildew  and  other  diseases ; 
under  such  conditions  a  rapid  increase  of  potato-disease  during 
July  is  easily  observable  and  may  be  safely  foretold. 

The  extension  of  Herpotrichia  is  greatly  facilitated  by  snow, 
which  weighs  down  young  plants  or  branches  of  spruce  and 
pins  them  to  the  soil,  where  the  fungus  develops  on  its  host . 
under  the  snow-covering.  On  this  account  elevated  situations 
and  hole-planting  render  the  spruce  liable  to  disease. 

Many  plants  which,  as  a  rule,  suffer  from  fungus-diseases 
will  be  found  to  remain  exempt  in  open  or  dry  situations,  or 
during  a  dry  period.  The  tops  of  trees  are  not  attacked  by 
many  fungi  which  frequent  the  lower  parts  of  the  crown.  This 
is  particularly  the  case  with  epiphytic  lichens  and  certain  fungi, 
which  require  a  high  degree  of  air-moisture.  Trickoapkaeria 
parasitica,  always  very  abundant  in  damp  silver  fir  regenerations, 
is  almost  absent  from  free-standing  trees,  or  from  the  higher 
parts  of  the  crown  in  closed  forest.  It  is,  in  fact,  a  parasite 
well  adapted  for  extension  in  the  crowded  masses  natural  to 
the  early  growth  of  the  fir,  and  the  host  is,  during  its  youth, 
disposed  to  disease  from  this  particular  parasite.  A  fungus  on 
the  beech  behaves  similarly,  occurring  in  Bavaria  only  in  the 
very  damp  parts  of  close  high  forest  and  in  Alpine  gorges. 
Other  fungi  have  better  means  of  protection  against  drought, 
foT  example,  Hyateriwm.  macrofporium  has  its  spores  enclosed  in 
gelatinous  envelopes  and  may  be  found  on  the  highest  point  of 
the  spruce,  although,  on  the  whole,  its  distribution  is  most 
favoured  by  moisture.  Fungi  which  frequent  algae,  or  are  dis- 
tributed by  means  of  zoospores,  depend  absolutely  on  moisture ; 
hence  they  frequent  hosts  growing  on  banks  of  streams,  places 
liable  to  flooding,  or  low-lying  moist  meadows,  whereas  the  same 
host-species  remains  completely  exempt  from  their  attacks  in  a 
dry  locality. 

A  plant  may  be  said  to  be  in  a  condition  of  abnormal 
disposition  to  disease  when  deprived  of  its  natural  protection. 
Thus  wounds  of  any  kind  render  a  plant  disposed  to  infection 
from  wound-parasites,  which  are  unable  to  harm  .uninjured  parts. 
After  severe  hail-atorms  an  outbreak  of  Nectria  ditissima  is  not 
unfrequent  amongst  regenerated  beech,  or  even  in  the  canopy 
of  older  forest.  I  have  also  observed  an  extensive  outbreak  of 
Ouairbitaria  laburni  on  laburnum  near  Munich,  obviously  due 
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to  hail.  Juicy  fruits  whose  epidermis  has  become  broken,  soon 
rot  unless  a  protecting  layer  of  wound-cork  is  rapidly  formed. 
Wounds  in  the  wood  present  an  entrance-gate  to  numerous 
Polyp  or  eae,  otherwise  unable  to  penetrate.  In  the  case  of 
wounds  to  the  wood  of  spruce  or  young  branches  of  pine,  a 
protecting  crust  is  frequently  formed  by  the  rapid  excretion 
of  resin  from  the  injured  surface.1 

The  disposition  of  a  host-plane  depends  then  on  some  inherent 
condition  of  the  protoplasm  or  on  some  accidental  circumstance. 
The  latter  may  be  anatomical  and  due,  for  example,  to  thickness 
or  other  property  of  the  cuticle,  or  to  a  hair-covering ;  it  may 
be  morphological,  from  some  defect,  say  on  the  part  of  the  leaf 
in  not  allowing  easy  escape  of  water.  The  disposition  may  be 
periodic  {e.g.  in  youth  or  at  flowering),  or  it  may  be  permanent 
It  may  be  generic,  or  confined  to  some  particular  variety  or 
species,  or  it  may  be  individual.     It  may  be  normal  or  abnormal. 

The  practical  lesson  of  this  chapter  has  been  that  we  should 
cultivate  our  plants  so  as  to  avoid  the  conditions  which  dis- 
pose them  to  disease,  and  that  we  should  rear  and  cultivate 
these  kinds  least  liable  to  injury  from  disease.  The  considera- 
tion of  these  points  forms  the  subject  of  our  next  chapter. 

1  Resin  is  in  itself  not  antiseptic,  and  In  the  fluid  condition  inside  plant* 
affords  no  barrier  to  fungus -hyphae  of  Ptridemium  pini  and  Neclria  cacartilvla ; 
the  hardened  crust  on  a  wounded  surface  serves,  however,  to  keep  off  spores 
from  the  plant  tissues,  and  prevents  the  penetration  of  germ-tubes. 
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CHAPTER  VI. 
PREVENTIVE  AND  COMBATIVE  MEASURES. 

§  12.  Measures  are  known  for  the  prevention  and  cure  of  many 
fungoid  diseases  of  plants  of  agricultural,  sylviculture!  or  horti- 
cultural interest  These  have  been  deduced  from  the  biology  of 
the  parasite  and  its  relation  to  its  host,  and  hare  been  used 
practically  with  more  or  less  success.  In  a  large  number  of 
cases,  however,  little  advice  can  be  given,  because  as  yet  the 
cause  of  many  diseases  is  obscure,  while  for  others  suitable 
reagents  for  cure  have  not  been  found.  Many  of  the  methods 
known  are  impracticable  from  the  cost  entailed  in  carrying 
them  out.  Others,  directed  against  some  widespread  disease, 
fail  from  lack  of  organized  co-operation,  the  efforts  of  a  few 
individual  cultivators  here  and  there  making  but  little  headway 
against  the  disease,  so  long  as  the  patches  of  crop  under  treat- 
ment are  subject  to  fresh  invasion  from  untreated  places.  It  is 
desirable  od  this  account  that  the  combating  of  diseases  of  our 
cultivated  plants  should  be  conducted  under  some  kind  of  state 
supervision. 

The  first  step  towards  combating  the  more  destructive  diseases 
of  plants  is  the  spread  of  knowledge  concerning  them,  and  the 
remedies  available  against  them.  In  Bavaria  and  other  German 
states  this  is  done  for  the  diseases  of  sylviculture!  importance  by 
regular  courses  of  instruction  in  plant-pathology  in  the  forestry 
schools.  In  the  same  way  it  would  also  be  advisable  to  give 
similar  instruction  in  agricultural  schools,  and  also  to  make  it  a 
subject  for  examination.  Another  important  step  consists  in  the 
establishment  of  experimental   stations  where  investigations   in 
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plant- pathology  may  be  carried  out,  while  at  the  name  time  the 
cultivator  could  have  advice  with  regard  to  the  nature  of  any 
disease  and  its  treatment.  Another  system  for  the  supply  of 
information  is  to  be  found  in  collections  of  specimens  of  plant 
diseases  arranged  for  easy  reference  in  places  accessible  to  the 
public 

State  supervision  over  crops  under  cultivation  is  also  desirable 
with  a  view  to  collect  and  distribute  information  concerning 
prevalent  crop-diseases.  The  same  agency  could  also  arrange 
and,  if  need  be,  enforce  a  general  and  simultaneous  treatment  of 
widespread  epidemics,  where  proved  methods  were  known  and 
advisable.  Such  regulations  for  supervising  and  combating  a 
plant-disease  are  already  universally  applied  against  the  Phyl- 
loxera. Similarly  in  Germany  and  other  countries  official 
notice  is  annually  given  for  extermination  of  mistletoe  ( Viscwm, 
album)  on  fruit-trees,  and  in  Prussia  the  combating  of  Gnomxmia 
erytkrostoma  is  carried  out  by  order  of  the  police  authorities. 
The  tar-ringing  of  trees  as  a  preventive  against  attacks  of  pine 
moth  (Gastropacha  pini),  is  regularly  enforced  everywhere  in 
forest-countries,  and  with  the  best  result.  In  a  similar  manner, 
in  most  countries,  this  and  other  forest  pests  are  supervised  by 
the  penal  code,  and  combated  with  success. 

By  arrangements  of  this  kind  it  is  possible  to  keep  certain 
diseases  completely  in  check.  Thus,  as  a  result  of  regular  in- 
spection and  the  timely  use  of  tar-rings,  a  dangerous  outbreak  of 
pine  moth  is  well-nigh  impossible.  Again,  the  universal  steriliza- 
tion of  the  seed-corn  of  cereals  before  sowing  has  done  much  to 
exterminate  smut-diseases.  In  the  case  of  the  Dodder-disease, 
much  can  be  done  for  its  prevention  by  the  careful  purification 
of  clover  seed. 

We  shall  consider  the  methods  for  combating  parasitic  fungi 
under  the  following  heads : 

I.  Methods  for  extermination  and  removal  of  the  parasitic 
fungi  alone. 

(1)  Killing  of  fungi  attached  to  seed  through  sterilization  by 
means  of  hot  water  or  copper  steep-mixtures. 

(2)  Combating  leaf-frequenting  fungi  by  dusting  or  spraying 
with  mixtures  containing  sulphur  or  copper. 

(3)  Excision  and  extermination  of  the  sporophores  of  Polyporeae 
and  Agaricini  on  orchard  or  garden  trees. 
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(4)  Removal  and  destruction  of  dead  parts  of  plants  carrying 
sporocarps  or  other  hibernating  stages  of  any  fungus. 

II.  Methods  for  combating  fungi  by  removal  of  diseased 
plants  or  plant-organs. 

(1)  Removal  of  the  parts  of  a  host-plant  harbouring  fungi. 

(2)  Eemoval  of  the  whole  or  part  of  a  complementary  host 
of  a  heteroecious  fungus,  for  the  purpose  of  saving  the  other 
host  or  hosts. 

III.  The  avoidance  or  removal  of  conditions  which  favour 
infection. 

(1)  Preventive  measures  against  wound  infection;  antiseptic 
and  aseptic,  wound-treatment. 

(2)  Avoidance  of  localities  favourable  to  disease. 

(3)  Avoidance  of  the  massing  together  of  plants  of  the  same 
species  and  like  age ;  rotation  of  crops  on  the  same  cultivated 
area. 

(4)  Avoidance  of  neighbourhood  of  those  plants  which  are 
hosts  of  the  same  heteroecious  fungus. 

IV.  Selection  and  cultivation  of  varieties  and  species  of 
cultivated  plants  least  liable  to  the  attacks  of  parasites. 

I.     Ex  termination  and  removal  of  the  parasitic  fungi  alone, 

(1)  That  the  seed  be  clean  and  free  from  the  spores  of 
parasitic  fungi,  is  a  most  essential  condition.  The  purity  of 
seed  is  investigated  in  Beed -control  stations,1  where  special 
attention  is  paid  to  purity  of  seeds  (e.g.  clover,  from  its 
liability  to  contain  seeds  of  the  parasitic  Dodder),  and  to  their 
freedom  from  spores  of  smut  or  other  fungi. 

As  a  preventive  against  smut,  especially  those  forms  due 
to  species  of  Ustilagineae,  sterilization  of  the  seed  is  adopted,1 
This  is  chiefly  carried  out  by  the  use  of  "  steeps,"  which  kill 
the  smut-spores  adherent  to  the  seed.  The  composition  of  the 
steep-liquid,  and  the  duration  of  immersion  are  the  points  to  be 
attended  to,  and  for  these  various  recipes  are  extant      Recently 

'State-aided  stations  of  this  kind  are  fairly  numerous  in  Germany,  France, 
and  other  continental  countries,  also  in  America.  It  is  thus  somewhat  remark- 
able that  in  Britain  this  important  work  receives  no  state  recognition,  but  is 
left  in  the  hands  of  more  or  less  experienced  analysts,  or  others.     (Edit.) 

■  Swingle,  W.  F.  "  Grain-smuts  and  their  prevention."  Yearbook  o/ 
U.S.  Dtpt.  of  Agriculture,   18W.     A  very  useful  summary.     (Edit.) 
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it  has  been  pointed  out  that  the  different  species  of  Ustilago 
have  different  powers  of  resistance,  and  must  be  treated 
accordingly.  It  has  been  found  from  experience  that  when 
trustworthy  and  tested  steeps  are  in  general  use  in  any  neigh- 
bourhood, the  diseases  of  crops  caused  by  Ustilagineae  gradually 
disappear.  This  is  due  to  the  fact  that  the  smut-fungi  frequent 
principally  the  cultivated  cereals,  while  they  are  comparatively 
rare  on  the  wild  grasses  from  which,  as  in  the  case  of  "  rusts," 
they  might  make  their  way  to  the  cultivated  forms. 

Sterilization  by  Copper  Sulphate. 

The  "  steep  "  which  is  in  most  general  use  is  that  first  recom- 
mended by  Kiihn1  in  1858.  It  consists  of  a  £  per  cent 
solution  of  copper  sulphate  prepared  as  follows :  1  lb.  crushed 
commercial  sulphate  of  copper  (blue  vitriol  or  bluestone)  is 
dissolved  in  hot  water  and  added  to  22  gallons  of  water.  The 
seed  is  poured  into  the  "  steep "  and  allowed  to  stand  covered 
with  the  liquid  for  a  night  (twelve  to  sixteen  hours).  The 
seed  is  then  taken  out  and  allowed  to  drip.  An  improvement 
on  this  method  consists  in  running  off  the  copper  sulphate 
liquor  and  adding  milk  of  lime  (prepared  by  soaking  1  lb. 
good  lime  in  4  gallons  of  water),  after  stirring  for  about  five 
minutes,  again   run  off  the  liquor  and  allow  the  grain  to  drip. 

If  sown  by  hand  the  seed  may  be  used  in  a  few  hours,  if 
by  machine  it  must  dry  for  twenty-four  hours. 

Sterilisation  by  Hot  Water, 
Jensen's  method  for  treatment  of  seed-grain  by  hot  water, 
consists  in  placing  the  seed  for  a  certain  time  in  water  at  a 
temperature  which  does  not  injure  the  grain,  but  is  sufficient  to 
kill  any  adherent  smut-spores.  This  takes  place  in  five  minutes 
in  water  at  132"  F.  (55°  C),  but  the  germinating  power  of 
the  grain  will  not  be  injured  though  it  remains  a  quarter  of 
an  hour.  The  immersion  is  carried  out  by  placing  the  seed  in 
a  vessel  easily  permeable  by  water ;  a  bushel  basket  lined  with 
coarse  canvas  serves  very  well.     A  convenient  quantity  of  seed 

'Julius  Kiihn,  „     . 
articles  on  this  subject  have  irom   time  t 
Journals  and  Bulletins. 
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to  handle  in  auch  a  basket  would  be  a  full  half-bushel  The 
hot  water  is  best  contained  in  two  large  boilers,  the  first  at  a 
moderate  temperature,  serving  to  wet  the  grain  somewhat  and 
to  prevent  cooling  of  the  water  of  the  second  boiler,  which 
must  be  maintained  between  130°  F.  to  134°  F.  A  lower 
temperature  will  not  ensure  death  of  all  spores,  a  higher  will 
injure  the  grain.  The  grain  is  immersed  a  few  minutes  in  the 
first  boiler,  then  placed  in  the  second  for  fifteen  minutes,  being 
meanwhile  frequently  shaken  to  ensure  complete  sterilization. 
Next  the  basket  and  its  contents  are  cooled  in  cold  water  and 
the  grain  spread  out  to  dry.1 

The  important  point  in  the  application  of  these  methods  is 
their  general  and  simultaneous  use  throughout  a  whole  district 
For  smut-diseases  the  removal  of  diseased  plants  is  at  the 
same  time  a  preventive  and  a  combative  measure.  This  is 
not  difficult  where  the  plant  is  large  or  the  disease  conspicuous, 
as  with  the  maize-smut ;  the  diseased  plants  can  then  be  re- 
moved and  burnt  before  the  smut-spores  are  shed.  If  the  smut 
is  not  very  prevalent  it  is  possible  to  keep  it  in  check  by 
removal  of  diseased  specimens  on  such  crops  as  maize,  barley, 
wheat,  and  oats.  This  treatment  can  also  be  applied  to  some 
garden-smuts  like  that  on  violets. 

Brefeld  recommends  as  a  preventive  measure  the  avoidance 
of  the  use  of  fresh  farmyard  manure.  Smut-spores  from  in- 
fected hay  or  straw,  which  finds  its  way  to  the  manure  heap, 
germinate  there  and  multiply  yeast-like  giving  rise  to  conidia, 
which,  on  exhaustion  of  nutrition,  give  rise  to  germ-tubes 
capable  of  infecting  seedling  plants.  The  spores  are  capable  of 
germination  even  after  being  eaten  with  the  fodder  and  passing 
through  the  digestive  canal  of  animals.  In  this  connection 
Professor  Wollny  carried  out  the  following  experiment  at  my 
instigation  :  three  fields  situated  at  some  distance  from  each 
other  were  sown  with  maize,  which  I  had  mixed  with  living 
spores  of  Ustilago  maydis  collected  the  previous  autumn.  One 
field  was  left  unmanured,  the  second  received  old  farmyard 
manure,  the  third  fresh.  All  plants  in  the  first  plot  grew  up 
healthy,  two  of  the  second  were  diseased,  and  eleven  of  the 
third.     The   summer   being  a  dry   one   the   number  of  diseased 
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plants  was  smaller  than  usual  The  immunity  from  smut  with 
old  manure  is  probably  explicable  on  the  assumption  that  in 
it  the  kind  of  nutriment  suitable  for  the  smut-conidia  is  ex- 
hausted, so  that  any  spores,  which  may  sprout,  die  off. 

It  must,  however,  be  here  observed  that  the  spores  of  some 
species  of  smut-fungi  (e.g.  Tilletia,  the  stinking  brand  of  wheat) 
do  not  germinate  directly  in  manure,  but  do  so  in  water-  easily. 
The  spores  of  most  smuts  are  adapted   to  a  long  winter  rest. 

■  (2)  Other  diseases  are  fought  and  prevented  from  spreading 
by  the  direct  extermination  of  the  fungus  or  its  reproductive 
organs  while  in  full  activity  on  the  growing  host-plant.  For 
this  purpose  Fungicides  axe  used,  either  as  powders  or  solutions 
applied  to  diseased  plants.  These  reagents  are  employed  with 
most  success  against  epiphytic  fungi,  where  the  mycelium  is 
fully  exposed  on  the  surface  of  the  host. 

The  EryBipheae  are  generally  treated  in  this  manner,  especially 
the  powdery  mildew  of  the  vine  (Oidium  Tuckeri  or  Uncinula 
spiralis).  This  vine-parasite  is  combated  by  dusting  from  time 
to  time  with  dry  powdered  sulphur  or  flowers  of  sulphur.  The 
sulphur  may  be  simply  shaken  from  a  tin  with  perforated  lid, 
or  it  may  be  blown  on  by  a  sprayer  provided  with  a  bellows, 
or  dusted  on  by  a  sulphur-brush,  consisting  of  a  hollow  handle 
tilled  with  sulphur  which  distributes  the  powder  through  fine 
perforations  in  its  end  to  a  tassel  of  fine  bristles.  In  a  similar 
manner  may  be  treated  the  powdery  mildews  of  hop,  rose, 
peach,  apricot,  apples,  etc,  caused  by  Erysipheae. 

Fungicides  are  also  used  against  fungi  with  endophytic 
mycelia.  The  Peronosporeae  cause  injury  to  quite  a  large 
number  of  cultivated  plants,  and  many  methods  of  treatment 
have  been  employed  against  them.  The  mycelium  lives  inside 
the  host-plant,  especially  in  its  leaves,  and  only  the  conidiophores 
make  their  appearance  externally.  Dusting  with  sulphur  or 
spraying  with  preparations  of  copper  has  on  this  account  little 
effect  on  the  mycelium,  but  will  kill  the  conidiophores,  while 
any  conidia  or  oospores,  which  may  alight  on  the  leaves,  will 
be  prevented  from  germinating.  The  most  general  forms  of 
fungicides  are  various  preparations  of  copper,  of  which  the 
following  are  some  of  the  more  important :  * 
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Bordeaux  Mixture  or  Bouillie-Bordelaise,  a  2  to  4  per  cent. 
Bolution  of  copper  sulphate  and  lime.  It  is  prepared  by  dis- 
solving 6  lbs.  of  copper  sulphate  in  warm  water,  and  placing 
this  mixture  in  a  barrel  capable  of  holding  about  44  gallons  ; 
in  another  vessel  slake  4  lbs.  of  fresh-burnt  lime,  and  make  it 
up  to  a  creamy  whitewash  with  water ;  strain  the  lime  through 
coarse  canvas  into  the  barrel  of  copper  sulphate  solution,  fill 
up  with  water,  stir  thoroughly,  and  the  mixture  is  ready  for 
use.  This  mixture  may  be  used  either  more  concentrated,  or 
somewhat  diluted. 

Ammoniacal  Solution  of  Copper  Carbonate.  This  may  be 
prepared  directly  by  dissolving  5  oz.  of  copper  carbonate  in 
enough  water  to  form  a  thick  paste ;  dissolve  this  paste  in 
three  pints  of  strong  aqua  ammonia  (or  as  much  as  may  be 
necessary  to  effect  complete  solution)  then  dilute  to  45  gallons. 
If  copper  carbonate  cannot  be  obtained,  make  it  by  mixing  (a) 
3  lbs.  of  copper  sulphate  in  2  gallons  of  hot  water,  (b)  3J  lbs. 
washing  soda  in  1  gallon  hot  water ;  mix  (a)  and  (6),  add 
water  up  to  10  gallons,  stir  up,  and  allow  to  settle;  pour  off 
the  clear  liquid,  fill  up  again  with  water  and  allow  to  settle ; 
on  again  pouring  off  the  clear  water  a  greenish  sediment  of 
copper  carbonate  remains.  This  dissolved  in  as  much  aqua 
ammonia  as  necessary,  may  be  kept  till  required  when  it  is  to 
be  diluted  at  the  rate  of  1  pint  to  2  gallons  of  water. 

Eau  Celeste.  Dissolve  2  lbs.  of  copper  sulphate  in  about 
8  gallons  of  water ;  when  completely  dissolved  add  3  pints  of 
strong  aqua  ammonia  and  dilute  to  45  gallons.  This  may  be 
used  in  a  modified  form. 

Fungicides  like  these  are  used  chiefly  against  attacks  of  vine 
mildew  (Peronoapvra  viticola),  potato  disease  (Phylopkthora  in- 
festans)  and  Feronosporeae  generally  ;  also  for  numerous  other 
leaf-diseases  caused  by  various  fungi.  What  the  results  of  any 
given  experiment  may  be,  is  as  yet  difficult  to  say  till  more  is 
known  of  the  effects  of  the  reagents,  the  strength  of  the  mix- 
ture to  be  used,  the  kind  of  plant  and  its  stage  of  development, 
and  other  factors  dependent  on  climate.  The  efficacy  of  a 
fungicide  lies  less  in  its  effects  on  the  fungi  actually  present 

other  American  literature,  not  the  least  important  being  "  Bordeaux  Mixture  aa 
a  Fungicide,"  by  D.  C.  Fairchild;  U.S.  Amer.  Bulletin,  No.  0,  1894.  In  this 
connection    reference   may  also   be  made  to  K.   ().   Lodemann'a    account   of    the 


Spraying  of  Plants"  (Macmillan,  1S96).     (Edit.) 
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and  causing  disease,  than  on  its  capacity  to  kill  spores  which 
light  on  the  leaf,  or  to  prevent  tbeir  development  to  a  dangerous 
extent.  On  this  account  crops  liable  to  attack  should  be  dusted 
or  sprayed  in  early  spring,  and  at  intervals  thereafter  as  long 
as  there  is  any  risk  of  disease.  Used  in  this  way,  fungicides 
soon  repay  themselves  in  increased  yield  of  healthy  produce ; 
on  the  one  hand,  they  hinder  the  development  of  the  fungus, 
on  the  other  hand,  they  act  like  antiseptic  wound-treatment  in 
preventing  infection.  What  part  the  copper  compounds  play 
is  as  yet  not  completely  established ;  Kumm 1  considers  that 
they  are  not  actually  absorbed  by  the  plant,  but  only  give  rise 
to  some  electrical  effect 

The  advantage  to  be  gained  from  the  use  of  fungicides  may 
be  greatly  increased  if  all  diseased  plants  or  portions  of  them 
be  removed  before  the  remedy  is  applied.  Precautions  must 
alBo  be  taken  against  reappearance  of  the  disease.  In  the  case 
of  infected  forcing  boxes,  frames,  or  glass-houses,  disinfection 
by  some  of  the  above  fungicides  is  certainly  advisable.  Leaves 
on  other  plant -rem  a  ins  containing  resting -spores  of  the  fungus 
Bhould  be  burnt,  and  soil  containing  diseased  material  should 
be  watered  with  a  fungicidal  solution  which  will  kill  the  fungus 
while  it  does  no  harm  to  the  leaves  or  roots  of  plants.  Finally 
a  rotation  of  crops  of  as  long  a  duration  as  possible  will  do 
much  to  keep  epidemic  fungoid  diseases  in  check. 

(3)  Frequently  the  ravages  of  a  parasite  can  be  considerably 
reduced,  although  not  completely  stopped,  by  destroying  its 
reproductive  organs.  Methods  of  this  kind  are  particularly 
useful  in  the  case  of  the  Polyporeae  which  inhabit  the  wood  of 
many  fruit-trees.  The  excision  of  the  sporophores  must  be 
carried  out  once  or  twice  a  year,  because  the  mycelium  remains 
alive  inside  the  stems  and  continually  gives  off  new  sporophores 
on  the  surface.  The  diseased  tree  lives  on  and  produces  fruit 
for  many  years,  maybe  till  the  wood  of  its  stem  becomes  so 
much  decayed  that  death  ensues.  Fungi  of  this  family  are 
even  more  destructive  on  those  trees  which  are  cultivated  not 
for  their  fruit  alone  but  also  for  timber,  e.g,  olive,  sweet  chest- 
nut, and  hazel. 

(4)  By  the  removal  and  destruction  of  dead  plants  or  portions 
of  plants  containing  reproductive  or  hibernating  organs  of  para- 

1 C.  Rnmm,  Berichtt  d.  deuttch.  botan.  <?«.  1893. 
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sites,  much  may  be  done  to  shorten  the  existence  of  a  disease, 
and  to  prevent  its  reappearance  in  the  following  spring. 

Fungi  which  reach  maturity  on  fallen  leaves  are  easily  com- 
bated in  this  way.  Hartig  gives  a  striking  example  of  the 
success  of  this  measure.  In  the  English  Garden,  a  large  park 
in  Munich,  the  leaves  are  carefully  removed  at  frequent  intervals 
as  they  fall,  and  utilized  as  stable-bedding ;  here  Ekytisma 
uterinum,  the  black  spot  of  the  sycamore  leaf,  is  hardly  known, 
whereas  in  the  park  at  Mymphenburg,  and  in  other  places 
round  Munich,  where  the  leaves  are  allowed  to  remain  lying, 
the  leaf-spot  is  very  common.  Rkytisma  salicinum  can  be 
treated  in  the  same  way  in  osier-nurseries.  In  plum  orchards 
Polystigma  rubrvm  may  be  held  completely  in  check  by  removal 
of  fallen  leaves.  So  also  the  numerous  mildews  (Erysipheae) 
of  our  cultivated  plants.  Cherry  leaves  killed  by  G-nomonia 
erythrostoma  remain  hanging  on  the  trees,  but  the  disease  has 
almost  disappeared  since  the  practice  of  removing  and  destroying 
these  was  introduced  in  gardens,  like  those  of  the  Altenland, 
once  completely  devastated  by  this  parasite. 

The  progress  of  the  disease  caused  by  Nectria  cinnabarina  is 
reduced  if  the  branches  which  die  during  the  summer  be  at 
once  removed  and  burnt  before  the  red  fructifying  patches 
appear.  It  would  also  be  advisable  to  burn  in  the  autumn 
other  dry  brushwood,  since  it  frequently  contains  Nectria  and 
other  wound-fungi,  and  if  left  over  winter  only  serves  as  a 
nursery  and  source  of  infection  for  all  neighbouring  trees.  In 
a  similar  way  should  be  treated  branches  infected  with  sporo- 
carps  of  Oueurbitario,  laburni  and  such-like  fungi. 

Immediate  removal,  burning,  or  burying  of  young  trees 
attacked  by  Phytophthora  omnivora  is  of  advantage  in  prevent- 
ing the  distribution  of  the  fungus  by  conidia  and  swarm-spores 
during  summer,  its  hibernation  in  dead  tissues,  and  its  continued 
distribution  in  the  following  spring.  The  hibernating  oospores 
of  many  other  lower  fungi  may  be  similarly  got  rid  of  by 
destruction  of  the  plant-remains  inhabited  by  them. 


II.     Removal  and  destruction  of  diseased  plants  or  portions  of  these. 

(1)  The  removal  of  symbiotic  organs  comes  here  particularly 
into  notice.     Amongst  these  are  the  "  witches'  brooms  "  which 
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live  for  Tears  on  their  host  deriving  nutriment  from  them ; 
thej  also  are  detrimental  to  fruit  trees  because  they  bear 
neither  flower  or  fruit,  and  on  some  timber  trees  they  so 
deform  the  stems  as  to  considerably  reduce  their  value.  The 
witches'  brooms  of  the  cherry  or  the  plum  grow  into  large 
infertile  bushes  of  striking  appearance,  so  that  they  may  be 
easily  detected  and  removed  in  autumn  or  spring;  those  on 
hornbeam,  birch,  and  alder  are  of  less  practical  importance, 
but  should  be  cut  off  wherever  accessible. 

Great  damage  is  caused  by  the  witches'  broom  (Aecidium 
eUuinum)  of  the  silver  fir  in  producing  canker  spots  which 
may  in  some  cases  attain  gigantic  dimensions  and  thereby 
much  reduce  the  value  of  the  timber,  or  maybe  render  it  quite 
valueless.  The  cankered  spots  are,  in  addition,  frequently  attacked 
by  wound-parasites,  whereby  the  stem  is  weakened  and  breaks 
over  at  the  canker,  causing  breaches  in  high  forest,  which  can- 
not be  refilled.  The  witches'  brooms  should  therefore,  as  far  as 
accessible,  be  cut  off  while  still  young,  and  all  cankered  trees 
should  be  removed  at  the  first  thinning. 

The  removal  of  twigs  of  plum  bearing  the  so-called  "pocket- 
plums  "  or  "  fools  "  is  also  to  be  recommended,  because  the  my- 
celium of  the  fungi  causing  these  hibernates  in  them.  Rose-twigs 
affected  by  rose-mildew  (Sphaerotheca  pannosa)  should  also  be  cut 
away  as  soon  as  possible,  before  many  plants  have  fallen  victims. 
Portions  thus  removed  are  both  worthless  and  dangerous,  hence 
should  be  destroyed.  So  also  all  trees  rotted  by  fungi  should 
be  removed  from  their  healthy  neighbours,  and,  if  possible, 
burnt  or  buried,  or  otherwise  rendered  harmless. 

This  forms  a  convenient  place  to  consider  generally  the 
wood-destroying  wound-parasites  of  oar  timber-producing 
plants. 

The  wood-destroying  wound-parasites  belong  chiefly  to  the 
families  of  the  Polyporeae  and  Agaricini,  and  each  possesses  a 
mode  of  life  and  method  of  destroying  its  host,  so  similar  to 
that  of  its  relatives,  that  it  is  quite  impossible  to  consider  them 
separately  in  a  practical  way.  They  are  enemies  of  our  fruit 
orchards,  our  parks,  and  our  forests,  and  the  means  to  be  em- 
ployed against  them  varies  in  the  hands  of  the  fruit-grower,  the 
gardener,  or  the  forester. 

Every  fruit-tree,  whether  grown  in  a   garden,  an  orchard,  or 


digitized  by  GOOglC 


PREVENTIVE  AMD   COMBATIVE   MEASURES.  73 

on  a  roadside  as  in  some  countries,  is  on  object  of  such  value 
that,  if  need  be,  costly  methods  can  be  employed  on  its  behalf. 
Its  branches  must  be  kept  free  of  all  intruders  like  the 
mistletoe,  witches'  brooms,  mosses  and  lichens,  and  above  all, 
from  the  sporophores  which  indicate  the  presence  of  a  wood- 
destroying  fungus.  This  is  all  the  more  easy  because  the  trees 
are  frequently  closely  examined  for  pruning,  for  crop,  or  for 
insect  attacks.  The  sporophores  of  fungi  on  stems  and  branches 
should,  as  already  indicated,  be  early  and  carefully  cut  out,  the 
wound  scraped  and  tarred  over.1  In  this  way  the  fungus  will 
be  deprived  of  its  sporophores  and  the  safety  of  other  trees 
ensured,  although  it  must  be  remembered  that  the  mycelium 
still  continues  to  destroy  the  wood  and  probably  to  produce 
new  sporophores.  If  the  sporophores  appear  on  weak  branches, 
these  would  best  be  completely  cut  off  and  the  cut  end  tarred 
over.  Trees  although  diseased  and  requiring  annually  to  have 
sporophores  cut  out  should  still  be  spared,  as  they  often  continue 
to  live  and  yield  heavily  for  years.  Amongst  the  sporophores 
which  appear  frequently  on  fruit-trees  are  those  of  Potyporus 
igniarius,  P.  ftUvus,  P.  hispidus,  P.  sulphurate,  P.  squamosus, 
P.  spumeus,  Hydnuwi  Schiedermayri,  and  others  to  be  more  closely 
considered  in  the  special  part  of  this  work. 

Particular  attention  of  this  kind  is  of  course  more  difficult 
for  the  park-gardener,  because  his  trees  are  higher  and  stand 
closer  together.  The  trees  are,  however,  of  less  value  individually 
than  fruit-trees.  It  is  advisable,  aa  far  as  possible,  to  keep  the 
trees  clean,  to  tar  all  wounds  and  to  remove  poorly  developed 
branches  and  stems. 

To  the  forester  in  high  forest  all  this  is,  however,  a  matter 
of  difficulty.  The  trees  are  high,  the  forest  large,  and  the 
individual  trees  of  a  value  which  does  not  allow  of  costly 
labour  being  expended  on  them.  Yet  there  is  one  forest 
operation  in  which  a  plantation  may  at  small  cost  be  easily 
cleared  of  diseased  stems.  This  is  the  repeated  process  of 
thinning,  during  which  all  diseased  and  backward  trees  should 
be  felled.  In  forests  of  high  value  with  high-priced  timber 
and  near  towns  or  centres  of  industry,  this  cleaning  out  is,  of 
course,  easy,  but  in  remote  forests  with  a  small  working  staff, 

1  The  sporophores  cannot  be  removed  too  young  ;  the  wounds  produced  should 
be  treated  with  Ur  ;  see  Section  iil,  p.  77. 
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deficient  modes  of  conveyance,  and  a  small  demand  for  the 
thirmed-out  material,  this  may  appear  impracticable.  I  shall 
give  one  example  how  the  number  of  "  fungus-sponges "  (as 
the  sporophores  are  called)  decrease  with  enclosure  and  intro- 
duction of  proper  forest-management.1  Bischoffsreut  is  a  forest 
in  Bavaria,  near  the  Bohemian  frontier,  consisting  of  mixed 
spruce  and  fir  up  to  four  hundred  years,  and  beech  up  to 
two  hundred.  Forty  years  ago  the  sporophores  of  Polyporus 
fomentariua,  the  tinder-fungus,  were  so  numerous  and  large  that 
for  their  collection  for  manufacture  of  caps,  gloves,  tinder,  etc, 
a  sum  of  one  hundred  gulden  (£8  10s.  Od.)  was  paid  annually 
as  rental  Ten  years  ago  the  same  brought  in  a  revenue  of 
twelve  shillings ;  to-day  it  is  free.  In  course  of  time  the 
diseased  stems  have  been  gradually  felled  and  less  wood  has 
been  allowed  to  remain  lying  in  the  forest  to  decay ;  as  a 
result  the  wood -destroying  fungi  have  now  but  little  foothold. 
A  mixed  damp  virgin  forest  is  especially  favourable  for  the  life 
and  distribution  of  fungi  of  this  kind.1  All  fallen  wood  remains 
lying,  while  injuries  from  storm  afford  easy  spots  for  infection. 
In  Bischoffsreut  eighteen  per  cent,  of  the  felled  heavy  wood 
was  at  one  time  useless  and  rotten. 

(2)  It  is  often  possible  to  avert  diseases  of  valuable  cultivated 
plants  caused  by  heteroecious  fungi,  by  keeping  the  supplemen- 
tary host  at  a  distance,  or,  if  the  disease  has  already  broken 
out,  to  remove  it  altogether,  with  the  view  of  keeping  the 
more  useful  host  free  from  the  dreaded  disease. 

The  best  example  of  this  is  presented  by  the  heteroecious 
rust- fungus  GymTiosporangium  sabinae.  One  host  frequents 
Junipertis  sabina  (savin),  the  other  damages  pear-trees,  causing, 
in  the  case  of  a  severe  attack,  considerable  loss.  It  would  thus 
be  easy  to  exterminate  pear-rust  by  removing  the  not  very 
decorative  savin-bush.  Particularly  in  nurseries,  it  would  be 
well  to  avoid  placing  pear-trees  near  the  savin,  an  arrangement 
very  suitable  for  cultivating  the  Gymnosporanginm. 

As  another  example  we  may  take  Mdampsora  tremtdae 
frequenting  the  aspen,  the.  supplementary  host  of  (a)  Caeoma 
pinitorquum  (the   pine   twister),   and   (6)   Caeoma    laricis    (larch 

'v.  Tubenf,  "  Mitthtilung  Ub.  einige  Feinde  d.  Waldos."  Alltg.  forsC.-M. 
Jagitteityng,   1867. 

1  T.  Tubeuf,  "  Vegetation sbilder,  aua  d.  boehmischen  Urwalde."  Oaterrac ht 
PorttzeUmtg,   1800,    p.    108  ;  with  six  figures. 
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needle-rust).  The  exclusion  of  the  aspen  from  the  neighbour- 
hood of  pine  plantations  is  advisable  as  a  means  of  limiting 
the  pine-disease,  and  is  now  being  recommended  in  forestry. 

Still  another  example  is  Pucdnia  graminis  the  rust  of 
wheat  and  its  Aecidium  on  the  barberry.  This  is,  in  all 
probability,  able  to  reproduce  itself  by  means  of  uredospores  on 
wild  grasses,  and  to  retain  its  position  without  the  barberry,  yet 
the  latter  doubtless  tends  to  distribute  the  disease,  and  its 
removal  minimises  the  risks  of  attack. 

An  investigation  of  the  heteroecious  rust-fungi  will  easily 
furnish  many  examples  of  the  same  kind,  and  lead  to  the  con- 
clusion that  Euphorbia  cyparissias,  for  example,  should  be 
exterminated  near  fields  of  peas  or  other  Leguminosne  because 
of  Uromyccs  pisi,  and  U.  striatum. 


III.     Avoidance  or  removal  of  conditions  which  favour  infection. 

Various  examples  of  this  have  already  been  given  when 
the  conditions  disposing  plants  to  disease  were  under  considera- 
tion in  out  last  chapter. 

(1)  The  most  important  measures  of  this  cIbsb  are  those 
directed  against  infection  through  wounds.  This  may  be 
attained  by  avoiding  any  unnecessary  wounding  of  woody  plants, 
and  the  immediate  treatment  of  any  wounds  rendered  necessary 
in  pruning  or  other  operations. 

When  the  stems  of  woody  plants  are  injured,  the  first  step 
towards  healing  the  wound  proceeds  from  the  tree  itself. 
Conifers  containing  resin  have  in  it  a  very  ready  agent  im- 
mediately available ;  the  resin  escapes  from  its  ducts  and  soon 
hardens  into  a  crust  on  exposure  to  air.  In  the  case  of  non- 
resinous  conifers  and  of  broad-leaved  trees,  the  first  steps 
towards  healing  are  less  obvious,  but  it  has  been  found  that  a 
healing  tissue  immediately  begins  to  form  on  wounded  surfaces.1 
It  consists  of  a  parenchyma,  the  formation  of  which  is  induced 
apparently   by  atmospheric  air  penetrating  into  the   wood,    and 

'v.  Tnbeuf,  "  Ueber  normale  u.  pathogene  Kernbilditng  d.  Holzpflanzen 
u.  d.  Behandlung  v.  TV  linden  deraelben,  Ztitwhrift  f.  For*.-*.  Jagd.-iceMn,  1889. 
Contain!  Bibliography  of  allied  papers. 

"    "  — 'g,  Ditraft  of  Trttn,  English  Edition    

'.  h.  Abad.  d.   Wi 

n  d.  veget.  Gefaue,"  Botan.  Ztitung,  1879. 
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its  object  probably  is  to  restore  the  same  condition  of  gaseous 
pressure  ineide  the  tree  as  existed  previous  to  the  injury.  A 
number  of  woody  plants,  for  example,  Sobinia  and  Quereus, 
which  normally  form  tyloses  in  their  heart-wood  or  sap-wood, 
do  the  same  on  wounded  surfaces,  and  thereby  stop  up  all 
the  cut  vessels.1 

The  formation  of  tyloses  is  due  to  sac-like  ingrowths  into  the 
vessels  from  adjoining  parenchyma,  and  can  only  take  place 
where  rapid  growth  of  the  closing  membrane  of  pits  or  the  thin 
portions  of  the  wall  of  annular  or  spiral  vessels  occurs.  Tyloses- 
formation  takes  place  in  normal  heart-wood,  and  also  in  the 
sap-wood  of  many  kinds  of  trees,  except  in  the  very  youngest 
water-conducting  year-rings.  It  also  occurs  iu  leaf-scars  at  the 
the  time  of  normal  defoliation.1  Species  of  trees  in  which 
tyloses  are  not  normally  produced  in  the  heart-wood,  but  in 
which  the  vessels  of  that  region  become  filled  with  resinous 
secretions,  use  these  substances  as  healing  agents  in  the  case  of 
leaf-fall  or  wounds  to  the  wood.  For  these  reasons  it  is  quite 
correct  to  designate  these  preliminary  steps  towards  wound- 
closure  as  a  pathogenic  formation  of  duramen,  and  the  tissue 
derived  from  the  process  as  wound-duramen.  Similarly  a  corky 
tissue — wound-cork — may  be  formed  in  consequence  of  wounds 
to  the  bark  or  as  an  accompaniment  of  certain  diseases.  I 
have  repeatedly  observed  that  the  normal  duramen  is  preyed  on 
for  nutriment  by  many  wound-parasites,  and  also  that  this 
wound-duramen  is  not  sufficient  to  keep  out  germinating  spores 
of  the  wound-parasites.  It  cannot  therefore  be  designated  a 
protective  wood,  nor  are  the  artificial  methods  of  closing  wounds 
so  superfluous  as  some  would  have  us  believe.3 

Frank  says  :  "  The  use  of  all  such  artificial  means  of  healing  wounds 
is  thus  only  necessary  in  serious  cases,  in  which,  in  consequence  of  delay 
in  the  healing-process,  decay  would  be  inevitable  without  some  septate 
agent.  Smaller  wounds,  and  particularly  cut  surf  aces  of  twigs  or  thinner 
branches,  are,  by  the  natural  formation  of  protective  wood  accompanying 
«very  wound  of  the   wood,   sufficiently   protected   for  the   few   years   the 

1  Holiscb,  "  Zur  Kenntnias  d.  Thyllen,"  Atad.  d.  Wiwnmhajl,  Vienna,  1888  j 
Wieler,  Biolog.  CtntratthUt,  1893. 

'Staby,   "Ueber  Verachhua  d.   Blattnarben  nach  Abfall  d.  Blatter,"  Flora, 
1886. 
■Frael,  Pringtheim't  Jahrimeh,  1888. 
Temme,  Landwirthnchafll.  Jahrimeh,  1889. 
Frank,  Die  Kmnkheiten  d.  PjUnztn,  1894,  p.  15a 
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wound  must  remain  open  till  completion  of  occlusion."  If  we  followed 
this  view,  then  numerous  wounds  would  be  left  freely  open  as  entrances 
for  wound -parasites,  and  serious  loss  would  result.  It  is  just  the  numerous 
smaller  wounds  (e.g.  those  produced  by  hail),  which  are  the  principal  places 
of  infection  for  species  'of  Nectria,  Cucurbitaria,  Hymenomyeetet,  etc.,  in 
fact,  they  form  very  convenient  places  whence  a  tree  may  be  easily  infected 
artificially. 

The  following  points  in  regard  to  treatment  of  branches  may 
be  conveniently  summarized  here.  Trees  in  closed  plantations 
are  naturally  stripped  of  their  branches  by  these  dying  in  con- 
sequence of  deficient  illumination ;  they  then  break  off,  and 
the  short  stumps  are  soon  occluded  or  grown  over.  During 
this  process  there  is  always  a  risk  of  infection  by  fungi,  and 
"  snag-pruning  " 1  is  employed  to  shorten  the  period  of  occlusion 
as  much  as  possible.  This  at  the  same  time  prevents  the  in- 
clusion of  long  branch-stumps  in  the  timber,  and  reduces  the 
number  of  knots  in  sawn  boards.  Such  dead  snags  or  stumps 
are  deficient  in  nutritive  materials  and  very  dry,  so  that  they 
are  less  suited  for  the  entrance  of  wound-fungi  than  wounds  on 
the  living  branch. 

The  usual  process  of  forest-pruning  is  necessary  to  produce 
clean  boles,  to  increase  the  illumination  for  undergrowth,  or 
to  utilize  the  branches  so  removed.  In  the  operation,  all 
branches  should  be  cut  off  close  to  the  shaft,  no  snags  should 
be  left,  nor  must  injury  be  inflicted  on  neighbouring  bark. 
The  operation  is  best  carried  out  in  autumn  or  winter  when 
the  bark  is  most  adherent  to  the  wood,  occlusion  then  begins 
with  the  renewal  of  vegetative  activity  in  spring  and  is  well 
advanced  by  the  time  the  greatest  dispersal  of  fungus-spores  takes 
place.  Infection  by  fungi  will,  however,  be  rendered  quite 
impossible  if  wounds  are  immediately  painted  over  with  tar,  or, 
in  the  case  of  smaller  wounds  on  garden  stock,  with  tree-wax ; 
these  reagents,  if  applied  in  winter,  will  easily  penetrate  into  the 
wood,  and  even  replace  the  formation  of  protective  wound-wood. 
Hartig  says  on  this  subject :  *  "  tarring  produces  satisfactory 
results  only  when  pruning  has  been  done  in  late  autumn  or 
in  winter,  because  it  is  only  then  that  the  tar  is  absorbed  by 
the  surface  of  the  wound.  It  would  appear  that  the  absorption 
of  tar  is  due  partly  to  the  diminished  amount  of  water  in  the 

1  Trockenastung.  '  Hartig,  Diaatt*  of  Trta.     English  Edit.  p.  258  59. 


digitized  by  GOOglC 


78  PREVENTIVE  AND   COMBATIVE   MEASURES. 

wood  during  autumn,  and  partly  to  the  consequent  negative 
pressure  of  air  in  the  tree.  When  pruning  is  undertaken  in 
spring  or  summer  the  tar  altogether  fails  to  enter  the  wood, 
and  the  thin  superficial  layer  does  not  prevent  the  cut  surface 
from  drying  later  and  forming  fissures  into  which  water  and 
fungi  may  euter."  From  what  has  been  said  it  follows  that 
dicotyledonous  trees  may  be  best  pruned  in  the  months  of 
October,  November,  and  December — perhaps  also  in  January 
and  February, — and  that  a  good  coat  of  coal-tar  should  be  at 
once  applied  to  the  wounds. 

Conifers  should  also  be  pruned  in  autumn  and  winter,  for 
although  the  wounds  resulting  from  removal  of  small  branches 
with  no  heart-wood  are  soon  protected  by  an  excretion  of  resin, 
yet  thicker  branches  with  heart-wood,  which  secretes  no  resin, 
must  be  tarred  over.  Similar  precautions  are  advisable  to 
protect  the  stools  of  trees  felled  in  order  to  produce  coppice. 

Wounds  are  produced  on  fruit-trees  by  removal  of  branches,  by 
pruning  and  grafting,  and  again  during  the  fruit-harvest.  Hail 
and  wind  are  frequent  sources  of  wounding.  Gnawing  of  the 
bark  by  animals,  such  as  mice  and  other  rodents,  may  also  occur. 

Red  deer,  by  peeling  off  the  bark,  are  a  source  of  great 
damage  in  the  forest.  In  this  way  spruce  plantations  may  be 
so  peeled,  and  in  consequence  so  subject  to  red-rot  that  they 
have  to  be  prematurely  felled.  The  trees  which  suffer  most 
are  those  like  spruce,  silver  fir,  Weymouth  pine,  and  Douglas 
fir,  which  remain  for  a  considerable  time  smooth-barked,  whereas 
species  with  a  rough  bark  are  comparatively  safe ;  the  latter 
can  also  cover  up  any  wounded  surface  by  means  of  an  excretion 
of  resin.  Conifers  suffer  most  from  peeling,  but  the  broad- 
leaved  trees  are  not  quite  exempt.  At  certain  seasons  the  deer 
rub  the  fur  off  the  young  antlers  or  knock  off  the  old  ;  for 
this  purpose  they  generally  choose  younger  plants,  which,  in 
consequence  of  the  injury,  frequently  dry  up.  Injury  by  deer 
is  more  serious  in  summer  than  in  winter,  because  with  the 
increased  temperature  and  moisture  the  spores  are  able  to 
convey  infection  quickly  and  easily. 

Injuries  similar  to  peeling  by  deer  are  produced  in  gathering 
resin,  and  in  the  process  of  "  testing "  the  timber  of  conifers. 
Both  practices  are,  however,  prohibited  in  well-managed  forestry, 
and  occur  only  as  misdemeanours.     Resin-collecting  of  whatever 
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kind,  whether  from  spruce,  larch,  pine  or  the  silver  fir,  necessi- 
tates removal  of  the  bark,  and  probably  cutting  into  the  wood 
itself.  The  exuded  resin  and  naked  wood  dry  up  in  course  of 
time  and  crack,  thereby  allowing  the  entrance  of  fungus-spores, 
which  germinate  in  the  fissures  of  the  wood  and  lead  to  its 
destruction. 

The  forests  of  spruce  and  fir  in  Bavaria  furnish  valuable 
wood  suitable  for  the  manufacture  of  violins  and  other  musical 
instruments.  Till  recently  the  practice  was  first  to  split  a  test- 
piece  from  the  standing  tree  to  ascertain  the  cleavage  of  the 
stem.  If  the  test  did  not  split  true,  the  tree  was  left  standing 
and  wounded ;  such  stems  naturally  were  soon  attacked  by  fungi 
(Polyporeae  and  Agaricini)  and  succumbed  to  some  storm. 

The  beech  is  frequently  injured  in  a  somewhat  similar  manner 
by  the  woodmen,  who  hew  out  large  pieces  of  the  stem  to  obtain 
material  for  wedges  from  the  very  tough  occlusion-tissue  which 
is  afterwards  formed.  Stems  so  damaged  Boon  fall  a  prey  to 
Polyporus  fometUariua.  Wounds  to  the  wood  are  also  frequently 
produced  during  the  felling  of  neighbouring  trees,  or  as  a  result 
of  storms,  or  by  the  action  of  woodpeckers,  ants,  and  other 
enemies.  In  short,  wounds  are  so  common  that  the  necessity 
of  practical  remedial  measures  for  closing  them  as  entrances 
for  destructive  parasites,  must  be  at  once  evident. 

(2)  Localities  should  be  avoided  which  are  known  to  pre- 
dispose certain  plants  to  disease.  Just  as  one  avoids  cultivating 
tender  plants  in  cold  situations,  or  planting  our  less  hardy 
trees  in  places  known  to  be  liable  to  frost,  so  ought  we  to 
avoid  the  cultivation  of  plants  in  localities  which  will  render 
them  more  than  usually  liable  to  infection  by  fungi.  Thus  the 
formation  of  spnice-nurseries  at  considerable  elevations  has  had 
to  be  abandoned,  because  it  was  observed  that  they  were  there 
liable  to  complete  destruction  by  Herpotrickia  nigra.  For 
similar  reasons  the  hole-planting  of  spruce  in  elevated  situations 
must  be  avoided.  In  moist  localities  nurseries  of  Douglas  fir 
and  other  trees  are  in  danger  of  attack  from  Botrytis ;  while 
close  glass-houses  and  hot-beds  are  breeding-places  for  many 
parasites  which  would  at  once  die  away  with  good  ventilation. 

(3)  The  neighbourhood  of  plants  which  are  supplemental 
hosts  of  the  same  heteroecions  fungus  should  also  be  avoided. 
(See  also  p.  74.) 
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(4)  The  massing  of  numbers  of  the  same  species  of  plant 
together  is  dangerous,  because  it  presents  a  favourable  oppor- 
tunity for  the  rapid  spread  of  epidemic  diseases.  On  this 
account  the  smaller  fields  of  small  holdings  tend  to  prevent 
any  epidemic  from  assuming  serious  proportions.  Still  better 
is  a  system  where,  as  in  Northern  Italy,  a  few  rows  of  vines 
alternate  with  narrow  strips  of  Indian  corn  with  gourds  or 
melons  on  the  ground  below,  and  strips  of  grass  or  millet 
intervene  here  and  there. 

Wherever  similar  plants  must  be  cultivated  in  close  neigh- 
bourhood over  extensive  areas,  as  in  vine  cultivation,  any 
epidemic,  which  may  obtain  a  hold,  soon  produces  disastrous 
effects.  Our  cultivated  forest  plants,  when  occupying  extensive 
areas,  are  particularly  open  to  attacks  of  certain  fungus-diseases. 
Thus  Pines  from  Hysterium,  pinastri,  Caeoma  ptnitorguum,  and 
Peridermium  pini ;  pole-forests  of  pure  Bpruce  from  ffysterium 
macrosporum,  all  plantations  of  conifers  from  Trametea  radi- 
dperda  and  Agarima  mellew,  the  latter  especially  if  preceded 
by  beech  forest,  the  stools  and  dead  roots  of  which  offer  the 
Agaricus  an  opportunity  for  easy  and  abundant  development. 

The  prevention  of  many  epidemic  diseases  is  one  of  the 
advantages  claimed  by  Gayer1  in  favour  of  natural  regeneration 
and  mixed  plantations.  On  exposed  areas  the  prevailing  strong 
winds  facilitate  distribution  of  many  fungus-spores,  while,  at 
the  same  time,  they  introduce  the  supplemental  hosts  of 
of  heteroecious  fungi  {e.g.  aspen,  ragwort,  cowberry,  etc),  which 
would  be  excluded  from  a  closed  permanent  mixed  forest  natur- 
ally regenerated.  Of  course,  we  do  not  maintain  that,  under 
these  conditions,  diseases  are  entirely  absent,  because  it  is  just 
on  naturally- sown  beech  seedlings  in  closed  forests  that  Phytopk- 
thora  finds  a  habitat.  Similarly  Trichosphaeria  on  silver  fir, 
and  other  parasites,  are  in  closed  forest  provided  with  that 
degree  of  atmospheric  moisture  which  favours  them.  In  fact, 
several  parasitic  fungi  exhibit  adaptations  to  such  conditions. 
Diseases,  speaking  broadly,  are  less  dangerous  in  mixed  forest ; 
they  never  attain  the  same  distribution,  and  they  are  more 
easily  restricted  where  trees  of  different  dispositions  are  grown 
together.  Thus,  the  forests  of  Bavaria  consist,  in  the  lower 
elevations,  of  mixed  beech,  silver  fir,  and  spruce ;  higher  up 
'Gayer,  Dtr   Waldbau. 
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the  beech  is  omitted,  and  in  the  more  elevated  parts  spruce 
alone  is  planted.  The  fir  alone  is  attacked  by  Phoma  abietina 
Aecidium  elatinwm,  Lophodermium  nervisequium.,  Trickosphaeria 
parasitica ;  the  spruce,  on  the  other  hand,  has  to  itself 
Lophodermium  macrosporum,  Chrygomyxa  abietis,  Herpotriehia 
nigra,  while  both  are  subject  in  youth  to  Pestakuzia  Hartigii, 
and  later  to  several  wood-destroying  fungi. 

The  storing  together  of  cropB  like  apples,  potatoes,  onions, 
turnips,  etc,  should  be  carefully  carried  out  They  should  be 
handled  as  little  as  possible,  and  decaying  individuals  should  be 
sought  out,  and  destroyed  when  possible,  to  save  the  remainder. 


IV.     Selection  of  hardy  varieties. 

An  important  method  for  the  protection  of  plants  from  disease, 
both  from  the  preventive  and  remedial  side,  consists  in  the 
selection  and  cultivation  of  varieties  and  species  of  plants  able 
to  resist  the  attacks  of  parasitic  fungi. 

It  has  already  been  mentioned  that  different  varieties  and 
species  show  different  powers  of  resistance  against  enemies.  As 
a  further  example,  we  have  numerous  American  grape-vines 
which  are  not  attacked  by  downy  mildew  (Plasmopara  viticola), 
that  dangerous  enemy  of  the  European  vine  of  cultivation 
( Viiis  vinifera).  Some  American  vines  (e.g.  Viiis  riparia) 
are  proof  against  the  phylloxera,  the  root-louse  which  attacks 
the  roots  of  European  vines  and  devastates  the  vineyards  of 
the  wine- producing  countries ;  while,  on  the  other  hand,  other 
American  vines  are  no  more  resistant  than  the  European.  In 
fact,  it  was  the  importation  of  those  vines  into  Europe  for 
experimental  cultivation  which  brought  us  both  phylloxera  and 
the  downy  mildew.  The  cultivation  of  such  disease-proof 
species  would  ensure  us  immunity  from  the  phylloxera,  if  it 
were  not  that  the  wine  from  these  vines  has  neither  the  quality 
nor  the  flavour  possessed  by  the  European.  On  this  account 
the  grafting  of  European  vines  on  American  stocks  has  been 
introduced,  whereby  the  roots  remain  unattacked  by  the 
phylloxera,  and  the  grapes  are  of  the  approved  standard.  Very 
good  results  have  also  been  obtained  from  experiments  in 
hybridization  of  American  and  European  vines  with  the  object 
of  obtaining  roots  from  the  American  parent,  and  grapes  from 
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the  European.  The  long  and  patient  experiments  of  Millardet1 
are  the  most  conspicuous  amongst  many  which,  by  means  of 
grafting  and  hybridization,  have  aimed  at  obtaining  disease-proof 
vines.  Millardet,  out  of  numerous  hybrids  raised  by  him,  has 
succeeded  at  last  in  obtaining  vines  with  roots  proof  against 
phylloxera,  leaves  resistant  to  attacks  of  downy  mildew,  and 
grapes  which  impart  the  esteemed  flavour  to  the  various  old 
and  well-known  European  wines.  From  these  many  ruined- 
vineyards  of  southern  France  have  been  already  re-stocked,  and 
promise  well. 

The  results  obtained  from  Eriksson's  investigations  on  cereal- 
rusts  are  also  worthy  of  notice.8  This  investigator,  after  carrying 
on  cultivations  for  a  number  of  years,  has  found  that  there  are 
varieties  of  wheat  able  to  resist  the  more  frequent  forms  of 
rust,  and  in  no  way  endangered  by  them.  By  a  similar  method 
of  investigation,  varieties  suitable  for  cultivation  in  the  rust- 
infested  districts  of  Australia  have  also  been  obtained. 

'Millardet,  "  Notus  sur  lee  vigneB  nmericaines."  Ser.  in.  Mim  dt  la  nor .  de* 
tcienca  de  Bordcavx,  1891 ;  Journ.  d'agriatllare  pratique,  1892  i  Compl.  rtnd., 
18B4;  ZeitKhriftf.  Pfataenhrankhetiev.,  1894,  p.  47,  and  1896,  p.  116. 

Esner,  "Die  BskHmpfung  parnsit.  Pflanzenk ra.uk heiten,"  Samtnl.  wi-ueit'ch. 
Vortrttge;  by  Virohow  u.  Wattenbucli,  1891L     With  Bibliography. 

1  Eriksson.     Zeitstkrift  f.  PJIanzttikranikeiten,  1895,  p.  8ft 
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CHAFPER  VII. 
ECONOMIC  IMPORTANCE  OF  DISEASES  OF  PLANTS. 

§13.  The  economic  importance  of  any  plant-disease  depends  on 
its  distribution,  its  intensity,  and  the  value  of  the  plants  attacked. 
Of  most  consequence  are  those  epidemic  diseases  of  fungoid  origin, 
which  cause  rapid  death  of  their  host,  aud  spread  with  great 
rapidity  over  wide  areas.  Such,  through  repeated  attacks, 
may  render  the  cultivation  of  certain  plants  impossible 
in  a  locality.  Almost  equal  damage  may  result  from  those 
parasites,  which,  although  they  do  not  kill  their  host,  yet 
destroy  or  prevent  the  development  of  that  part  for  which  we 
grow  the  plant.  Amongst  these  are  species  which  inhabit 
flowers  or  fruits,  the  wood-destroying  fungi  of  forest-trees, 
and  forms  inimical  to  the  foliage,  roots,  or  tubers  of  plants 
of  economic  value. 

As  examples  of  parasitic  fungi  which  bring  about  rapid  death 
of  their  host,  are  the  originators  of  many  diseases  of  young 
plants.  PkytopMhora  om/tUvoru  may  during  a  few  days  of  damp 
weather  completely  kill  out  not  only  healthy  beds  of  seedling 
beech  or  conifers  in  the  nursery,  but  even  the  young  plants 
by  which  a  forest  is  being  naturally  regenerated.  Pestaloszia 
ffarltgii,  a  few  years  ago  in  the  beech-forests  in  some  districts 
of  Bavaria,  exterminated  three-fourths  of  the  naturally-sown 
plants  from  one  to  four  years  old.  Herpotrichia  nigra  is 
capable  of  completely  destroying  the  young  spruce  plantations, 
so  important  for  the  afforestration  of  bare  slopes  in  mountainous 
districts,  and  it  may  attack  with  such  violence  nurseries 
established    at   great   cost   and   labour  that  they  have    to    be 
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abandoned.  Whole  gardens  of  roses  have  been  devastated  by 
Peronospora  sparser,  and  nurseries  of  conifers  have  been  exter- 
minated   by  Hysterium  pinastri,   or  Affariats  melleus. 

Amongst  the  fungi,  which  attack  the  organs  of  older  plants 
and  cause  serious  losses  to  cultivators,  are  the  following:  the 
well-known  potato  disease  caused  by  Phytophthora  infestans; 
the  vine  diseases  arising  from  Untintda  gratis,  Plasmopara 
viticola,  and  Dematophora  necairix;  many  diseases  of  conifers 
and  other  trees.  As  destroyers  of  the  fruit  alone  may  be 
mentioned  the  smut-fungi  of  the  cereal  crops. 

Other  cases  of  injurious  diseases,  of  more  or  leas  practical 
import,  will  be  described  in  the  special  part  of  this  book ;  at 
present  we  shall  only  select  a  few  estimates  of  the  loss  result- 
ing from  them. 

In  the  forest  of  Bischoffsreut  in  Bavaria — a  magnificent  one, 
containing  spruce,  fir,  and  beech — eighteen  per  cent  of  the 
felled  timber  consisted  of  wood  rendered  useless  by  decay; 
while  fifty  years  ago  the  utilizing  of  the  so-called  fungus-sponges 
of  Polyporus  fvmentwrius  in  the  same  forest  for  manufacturing 
purposes  and  for  tinder,  was  let  for  a  small  sum  (see  p.  74). 

Higher  figures  are,  however,  reached  when  we  calculate  the 
injuries  on  vines  or  cereal  crops.  Pierce,1  in  1892,  furnished 
estimates  putting  the  loss  resulting  from  the  Anaheim  vine- 
disease  in  California  at  ten  millon  dollars.  The  area  of  infected 
land  was  about  25,000  acres,  in  great  part  with  an  original 
value  of  300  to  500  dollars  per  acre,  but  so  depreciated  in 
the  course  of  five  years  that  it  became  worth  not  more  than 
75   to   200  dollars. 

In  the  Zrit&chrift  fur  Pflanzenkrankheiten  1893,  the  inter- 
national phytopathological  commission  gave,  from  estimates 
mates  furnished  by  the  Prussian  statistics-bureau,  a  review  of 
the  losses  in  Prussia  from  grain-rust.  Amongst  other  esti- 
mates we  find  that  in  1891  the  wheat  harvest  of  Prussia 
reached  a  total  of  10,574,168  doppelcentner,2  which  at  22 
marks  per  d.c.  =  £11,459,690  sterling.  Ofthie  3,316,059  d.c  or 
£3,593,758  was  depreciated  by  rust.  The  rye  harvest  was 
30,505,068  d.c.  at  22  marks,  of  which  8,208,913  d.c 
or  £8,896,364  was  depreciated  by  rust.  Oats  reached 
1  The  California  Vine-Disease.  U.S.  Dept.  of  Agriculture.,  BnU.  2„  1892,  p.  lfi. 
*  Doppelcentner  =  100  kilogramme. 
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32,165,473  d.c.  at  16  marks,  of  which  10,325,124  d.c. 
or  £8,138,023  falls  to  be  deducted  on  account  of  rust. 
Thus  on  the  crops  wheat,  rye,  and  oats,  the  loss  reached  the 
sum  of  £20,628,147  sterling,  or  almost  a  third  of  the  total 
value  of  the  crops.  The  year  1891  was  a  very  unfavourable 
one,  but  even  taking  the  estimate  at  the  half  of  the  above 
sum  we  have  a  yearly  Iosb  by  rust  amounting  to  £10,000,000 
sterling. 

In  Australia  the  loss  in  the  wheat  harvest  of  1890-91,  on 
account  of  rust,  has  been  estimated  at  £2,500,000  sterling. 

Consideration  of  the  Iosb  of  sums  of  money  like  these,  which 
might  be  considerably  reduced  if  energetic  and  universal  measures 
■were  employed  against  fungoid  plant-diseases,  will  serve  to  em- 
phasize the  importance  of  remedial  measures.  It  must  also  l>e 
borne  in  mind  that  the  use  of  diseased  fodder,1  especially  hay, 
grass  or  grain,  infested  by  rust  or  smut-fungi,  is  productive  of 
serious  results  to  the  various  animals  of  the  farm ;  while  the 
use  of  meal  or  flour  contaminated  with  smuts,  stinking- smuts,  or 
ergot  is  dangerous  for  mankind. 

1  Frohner,  Lehrbnrh  <l.  Toxikoiotiie  /.   ThitrOntt,  1890. 
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§  14.    MUTUALISM. 

Mutualism,  or  Symbiosis  in  the  stricter  sense,1  has  been 
distinguished  as  a  special  case  of  parasitism.  This  condition 
occurs  when  a  parasite  and  its  host  mutually  work  for 
the  benefit  of  one  another,  each  contributing  to  the  other's 
nourishment.  The  lichens  furnish  the  most  conspicuous  example. 
Here  fungus-hyphae  unite  with  algal  cells,  the  algae  furnishing 
the  fungi  with  assimilated  organic  nutriment,  the  fungi  pro- 
viding water  and  dissolved  salts  for  the  algae. 

While  it  is  by  no  means  uncommon  to  find  two  organisms 
taking  a  mutual  advantage  of  each  other,  yet  mutualism  in  its 
strictest  sense  is  a  rare  phenomenon.  For  it  generally  happens, 
and  is  indeed  to  be  expected,  that  one  or  both  symbiotic 
organisms  modify  in  some  degree  their  mode  of  life  to  suit  the 
altered  conditions  necessary  for  their  mutual  support.  Thus 
amongst  the  lichens,  as  a  result  of  the  union  of  fungus  and 
alga,  a  living  organism  originates,  which  in  form,  necessities, 
and  mode  of  life  is  quite  -new,  and  differs  completely  from 
either  of  its  components.  In  the  lichen-community,  the  fungus 
alone  reproduces  itself;  yet  the  alga  occurs  as  a  free  organism 
in  nature,  while  the  fungus  can  only  be  reared  in  artificial 
culture.  This  combination  might  perhaps  be  compared  with 
that  of  oxygen  and  hydrogen  to  form  water,  also  to  a  certain 
extent  with  the  union  of  the  sexual  cells  to  produce  a  new 

'The  term  Symbioaii 
and  others,   to   denote 
observed  to  take  place  between 
Botaiiit,    1892).      "  Mutualism  "  K 
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individual.  These,  and  other  examples,  will  serve  to  illustrate 
how  we  have  in  the  lichen  an  organism  with  peculiarities  of 
structure  and  of  life,  widely  differing  from  those  of  either  an 
alga  or  a  fungus.  This  unification  of  two  living  beings  into  an 
individual  whole,  I  have  designated  "  Individtcation." 1 

In  the  case  of  the  lichen-symbiosis,  the  chlorophyllous  part 
consists  of  minute  algal  cells,  completely  enclosed  in  a  tissue 
of  fungus -hyphae,  and  the  lichen  lives  as  a  perfectly  isolated 
and  independent  plant.  The  case  is,  however,  different  where 
the  fungus  enters  into  parasitic  relationship  with  the  green 
cells  of  a  large  plant.  Union  may  then  take  place,  so  that  the 
fungus  lives  on,  or  inside  its  host,  and  removed  from  contact  with 
any  other  substratum.  The  fungus  is,  however,  not  in  a  position 
to  convey  any  nourishment  to  its  host,  and  in  fact  is  absolutely 
dependent  on  it  for  the  organic  substance  and  water  necessary 
for  growth.  Where,  however,  the  relationship  is  such  that  the 
parasitic  fungus  is  still  in  contact  with  some  other  substratum, 
then  it  may  be  assumed  that,  in  spite  of  its  parasitism,  it 
takes  up  nutriment  from  this  source,  and  shares  it  with  its 
host.  This,  as  has  already  been  pointed  out,  is  the  state  of 
things  in  the  lichens,  where  the  fungus  completely  envelopes 
the  small  isolated  algae,  and  must,  as  a  condition  of  the  growth 
of  the  lichen,  remain  in  direct  contact  with  the  substratum ; 
the  fungus  is  believed  to  take  from  the  substratum  water  and 
inorganic  food-material  with  which  it  supplies  the  algae,  while 
it  receives  in  return  plastic  organic  substance  to  be  used  in 
its  own  growth.  Of  course  cases  do  occur  amongst  the  lichens, 
where,  in  moist  placeB,  the  alga  is  not  dependent  on  the  fungus, 
or,  on  the  other  hand,  where  the  fungus  can  itself  take  up 
organic  substance  from  its  substratum. 

Another  example  of  the  case  is  the  union  of  fungi  with 
non-chlorophyllous  plants  which  inhabit  humus  (e.g.  Afmotropa). 
Here  the  fungus  takes  up  organic  nourishment  from  the 
substratum  and  supplies  it  to  the  higher  plant,  which,  in 
consequence  of  its  lack  of  chlorophyll,  is  directly  dependent  on 
the  plastic  organized  substance  from  the  soil,  supplied  through 
the  agency  of  the  fungus.  The  latter,  however,  receives  nothing 
in  return ;  it  requires  nothing,  since  its  substratum  offers  it 
the  moat  favourable  conditions  for  nutrition.  This  form  of 
'  Individualism!)*. 
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symbiosis,  in  which  the  fungus  becomes  the  nurse  or  feeder,  I 
distinguish  as  Nntrieism.  Between  the  case  just  cited  and 
that  in  which  the  fungus  is  a  pronounced  root-parasite  on 
green  plants,  there  exists  every  possible  intermediate  stage. 

Before  nutricisni  is  considered  in  detail  it  would  be  well  to 
exemplify  briefly  from  the  ranks  of  plant-parasites,  that  pheno- 
menon of  individuation  so  sharply  defined  in  the  lichens. 
A  large  number  of  parasitic  fungi  cause  local  cell- enlargement  and 
cell-increase,  with  the  frequent  result  that  an  attacked  plant- 
organ  becomes  very  much  enlarged  and  its  form  much  changed. 
One  speaks  in  Buch  cases  of  hypertrophy  and  hypertrophied 
organs.  It  is  quite  evident  that  in  cases  of  hypertrophy  the 
attacked  part  must  be  better  nourished,  otherwise  it  could  never 
sustain  the  great  increase  in  number  and  size  of  its  cells.  The 
hypertrophied  organ  is,  in  fact,  indebted  to  the  surrounding 
healthy  parts  for  its  additional  nourishment;  in  other  words, 
the  place  of  demand  draws  to  itself  the  materials  it  requires. 
This  is  all  the  more  necessary  when  the  region  of  increased 
growth  is  deficient  in,  or  altogether  devoid  of,  chlorophyll,  and 
thus  quite  dependent  on  the  assimilating  green  parts.  This 
is  frequently  the  case,  as  in  the  scales  of  alder  catkins  attacked 
by  Ejnaseits  alni  incanae,  in  the  needles  of  silver  fir  deformed 
by  Aecidiam  elatinum,  or  in  the  yellow  needles  on  spruce 
resulting  from  Aeridium  coruscaw.  So  also  must  the  woody 
swellings  of  branches  attacked  by  Accidiuvi  elatinum,  Gymno- 
sporatu/ium  sabinne,  and  other  fungi,  be  produced  at  the  cost  of 
neighbouring  parte  of  the  host.  The  hypertrophied  organs  be- 
have, in  fact,  like  these  plant-organs — flowers,  roots,  etc. — 
which  are  normally  deficient  in  chlorophyll,  and  to  which 
plastic  material  must  be  supplied. 

In  other  cases  the  part  of  a  plant  attacked  by  fungi  behaves 
like  a  specialized  organ,  and,  in  combination  with  the  fungus, 
attains  to  a  certain  degree  of  independence.  The  so-called 
"witches'  brooms"  furnish  an  interesting  example.  It  is  a  well- 
known  fact  that  the  direction  of  growth  of  the  main  axis  of 
plants  is  negatively  geotropic,  whereas  that  of  the  lateral  branches 
is  only  a  modified  form  of  this  condition.  If  the  terminal  bud 
of  a  tree  (e.g.  a  spruce  or  fir)  be  removed,  then  one  or  more 
lateral  branches,  or  even  buds  of  those  branches,  will  exhibit 
an    increased    negative    geotropism.      This    is    very    marked    in 


d  by  Google 


MUTUALISM.  89 

the  case  of  the  so-called  "storm-firs"  of  the  mountains,  on 
which  are  developed  not  a  single  apex,  as  in  the  normal  fir, 
but  many,  each  of  which  grows  up  like  a*  little  independent 
tree  on  the  branches  of  the  old  stem.  A  similar  result  follows 
where  a  portion  of  a  lateral  branch  is  planted  as  a  "  cutting," 
one  bud  grows  directly  upwards,  the  others  form  lateral  branches. 
The  stimulating  effect  which  the  removal  of  the  terminal  shoot 
produces  on  lateral  branches  is  thus  one  which  extends  to  a 
considerable  distance.  A  stimulus  of  a  somewhat  similar  nature 
appears  to  be  exerted  on  buds  attacked  by  certain  fungi,  so 


that  the  shoot  produced  from  such  a  bud  no  longer  retains  its 
normal  direction  of  growth,  but  becomes  negatively  geotropic 
like  an  independent  plant.  This  marked  negative  geotropisin 
is  characteristic  of  all  witches'  brooms  (Fig.  16),  and  shows 
clearly  that  they  are  no  longer  controlled  by  the  same  laws  of 
growth  as  the  normal  lateral  branches.  They  have  in  addition 
other  peculiarities  not  exhibited  by  normal  plants.  Thus  the 
witches'  broom  of  the  silver  fir  caused  by  mycelium  of 
Aecidium  elatintim  is  not  evergreen,  but  bears  needles  which 
fall  each  autumn.  Moreover,  no  witches'  broom  bears  flowers 
or  fruit ;  for  example,  that  on  the  cherry  (Fig.  5)  produces 
exclusively    leaf-buds     which    unfold    simultaneously    with    the 
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opening  of  the  flower-buds  of  unattacked  twigs,  the  normal 
foliage  coming  later. 

We  have  here  an  expression  of  the  existence  of  a  closer 
symbiotic  relationship  between  the  fungus  and  its  host-branch, 
than  between  that  host-branch  and  its  main  branch.  It  also 
shows  that  the  host-branch  is  completely  at  the  service  of  the 
fungus,  although  the  latter  is  dependent  on  the  former  for  its 
support.  The  host-branch  is,  at  the  same  time,  under  the 
necessity  of  conducting  itself  in  the  partnership  in  the  way  most 
suitable  to  the  development  of  the  fungus.1  Thus  the  asci  of 
the  Exoasceae  are  produced  on  the  leaves  of  the  witches'  broom, 
and  ripen  as  the  normal  leaves  unfold,  so  that  the  spores 
are  in  a  position  suitable  for  successful  infection  of  the  young 
normal  leaves. 

From  these  facts  it  can  be  deduced,  that  parts  of  plants 
attacked  by  fungi  exhibit  that  kind  of  symbiosis  with  the  fungus 
which  we  call  individuation,  the  joint  community  behaving 
more  or  less  as  a  parasite  on  the  stem  or  branches  of  the  host- 
plant.  This  is  clearly  the  case  where  the  attacked  parts  exhibit 
increased  growth,  and  at  the  same  time  a  diminished  production 
of  chlorophyll  resulting  from  degeneration  of  chloroplasts.  Such 
parts  of  plants  are  quite  as  individualized  as  the  lichens,  with  the 
single  distinction  that  they  remain  in  communication  with  the 
parent  plant  and  draw  nourishment  from  it. 

There  are,  however,  other  cases  where  the  chloroplasts  are 
apparently  increased,  where  at  least  they  attain  a  lengthened 
duration  of  life.  This  is  evident  in  certain  instances  first 
pointed  out  by  Cornu,  mentioned  by  De  Bary,  and  on 
which  I  have  made  extended  observations.  Maples  may 
be  found  in  autumn  on  whose  discoloured,  withered  leaves 
large  green  spots  are  still  present  On  Norway  maple  I  have 
observed  these  spots,  very  conspicuous  on  almost  every  leaf, 
and  especially  on  those  of  the  lower  crown.  The  green  parts 
were  beset  with  the  white  epiphytic  mycelium  and  perithecia 
of  Uncinula  aceria.  Cornu  describes  similar  appearances  accom- 
panying another  Srysipkt,  certain  Uredineae,  and  Cladosporium 
dendritwum.  I  have  seen  the  same  phenomenon  regularly  on 
the  mountain  maple  on  leaves  carrying  black  spots  of  Rkytisma 

ixhiliit  adaptations  serviceable  only  for 
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punctatum  (Fig.  129).  As  other  examples  may  be  mentioned 
quince  leaves,  which  I  infected  with  Gymwwpvrangium  davariae- 
forme,  and  leaves  of  Cynanchum  Vincetoxicttm  infested  with 
Cronartiwm  asdepiadeum.  In  all  these  cases,  nutritive  sub- 
stances seem  to  be  still  transmitted  to  attacked  parts  after 
death  of  the  rest  of  the  leaf.  The  attacked  spots  show  also 
an  independent  behaviour  in  that  they  do  not  turn  yellow 
before  the  fall  of  the  leaf,  but  continue  to  work  at  the 
service  of  the  parasite.  One  can  even  believe  that  these  green 
islands,  so  long  as  inorganic  substance  and  water  are  supplied 
to  them,  live  with  the  fungus  like  lichens,  especially  those 
lichens  whose  algae  obtain  water  and  inorganic  material  direct, 
not  through  the  fungal-hyphae. 
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CHAPTER  IX. 


i  16.    NUTBICISM. 


For  the  greater  number  of  the  facts  used  in  our  discussion 
of  this  peculiar  phenomenon,  we  are  indebted  to  Frank,  who 
laid  the  basis  of  our  knowledge  in  regard  to  it.  We  have 
chosen  the  expression  Nutricism  for  reasons  already  stated 
(§  14),  and  would  only  add  that  its  scope  is  variable  in  different 
eases,  and  reaches  its  most  comprehensive  application  in  connec- 
tion with  Frank's  views  on  the  so-called  mycorhiza.  We  shall 
best  explain  the  phenomenon  by  describing  individual  examples. 

In  a  number  of  cases  the  symbiosis  between  fungi  and  higher 
plants  does  not  result  in  the  fungus  being  supplied  with  organic 
nutriment  by  its  host,  but  rather  that  the  fungus  is  in  no  way 
indebted  to  the  host-plant  for  nutriment,  and  may  even,  as  in  the 
lichens,  convey  solutions  of  inorganic  materials  to  it,  thus  assist- 
ing in  its  nutrition.  There  are  two  cases  distinguishable  in  this 
connection.  In  the  first,  the  fungus  lives  in  humus  and  in 
close  external  contact  with  the  roots  of  its  host,  obtaining 
food  for  itself,  and  at  the  same  time  supplying  its  host 
with  organic  nutriment.  In  the  other  case,  the  fungus  develops 
inside  the  root-cells  of  its  host,  and  is  probably  nourished  from 
that  source,  till  on  dying  it  gives  up  certain  albuminoid  sub- 
stances, which  are  absorbed  and  utilized  by  the  host-plant.  The 
parts  of  the  roots  which  shelter  the  fungi,  Frank  has  named 
"  fungus- traps,"  the  plants  themselves  being  "  fungus-digesting 
plants." 

The  organs  resulting  from  the  symbiosis  of  root  and  fungus 
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have  been  named  mycorhiza '  or  fungus-roots.  Where,  however, 
new  structures  (swelliDgs,  etc.)  are  produced  on  the  roots,  as  a 
result  of  symbiosis  with  fungi  or  bacteria,,  the  name  mycodomatia 
or  fungus-chambers  has  been  applied. 

One  division  of  mycorhiza  consists  of  those  which  live  in 
humus,  and  act  as  intermediaries  in  supplying  their  hosts  with 
nutritive  material.  In  this  case  the  fungus  covers  the  host- 
root  like  an  outer  covering,  forces  itself  between  the  cells  of 
the  outer  layers,  and  produces  haustorial  branches  in  the  interior 
of  the  host-cells.  These  Frank  designates  as  ec  to  trophic 
mycorhiza.  The  remaining  mycorhiza  do  not  form  such  an 
external  sheath,  but  live  inside  the  fungus-traps,  and  produce 
tangled  coils  of  hyphae  in  the  root-cells  of  the  host.  These 
Frank  distinguishes  as  endotrophic  mycorhiza. 


Ectotrophic  Mycorhua. 
(1)  On  non-chlorophylloiia  plants  living;  on  humus. 
Kaminski  *  was  the  first  to  observe  that  Monotropa  hypopitys,  a 
non-chlorophyllous  plant  living  rooted  in  forest-mould,  possessed  a 
compact  root  system  devoid  of  root-bairs,  but  covered  with  the 
hyphae  of  a  fungus.  At  the  same  time,  he  expressed  the  belief 
that  a  symbiotic  relationship  existed  between  the  fungus  and 
the  roots  of  Monotropa,  whereby  the  former  supplied  nutriment  to 
the  latter.  The  fungus  clothes  the  growing  point,  and  extends 
backwards  to  that  part  of  the  root  which  has  ceased  to  elongate; 
there  the  mycelium  penetrates8  inwards  between  the  root-cells, 
and  remains  intercellular.  The  mycorhiza  of  Monotropa.  thus 
showed  complete  agreement  with  those  known  earlier  on  the 
roots  of  Cupuliferae,4  and  since  proved  by  Frank  to  have  a  very 
general  distribution.  Johow*  has  pointed  out  that  an  external 
mantle  of  fungi  also  exists  round  the  root-apices  of  Hypopitys 
kypopkaegea,  a  holosaprophytic  plant  devoid  of  chlorophyll. 

1  Sarauw,  Rodiymbiote  og  Atycorrhizer  taerlig  ho*  Shovti-atrne,    1803-      With 
Bibliography. 
1  Kamiiiski,  Mim.  de  la  toe.  lift  sciences  nalur.  de  Cherbourg,  T.  24,  1882. 
'Frank,  Berkhte  d,  detUtch  bolan.  Oes.,  1886. 

•Mttller,  Studio-  over  Storjord  som  Bidray  til  Skovdrykninj/ewt  Theori,  1878. 
*  Johow,  "Die  chlorophyllfrefen  HumuBpftanien,"  Prinj^Afim'n  Jahrbutli,  1889. 
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(S)  Oil  chlorcphylloas  plants. 

Frank  has  extended  Kauiinski's  theory  to  include  the 
mycorhiza  of  trees  and  other  green  plants.  This  assumption 
is  founded  on  his  observations  of  the  common  occurrence  of 
mycorhiza  on  the  Gupuliferae,  and  many  other  plants.  He  says 
that  all  trees  are  probably  capable,  under  certain  conditions, 
of  entering  into  symbiosis  with  mycorhiza-fungi,  and  that  in 
this  way  the  tree  is  supplied  not  only  with  the  necessary  water 
and  mineral  food-constituents  from  the  soil,  but  also  with  organic 
material  derived  directly  from  humus  and  decaying  plant-remains. 
The  tree  is  thus  enabled,  through  the  mycorhiza,  to  directly  utilize 
organic  vegetable  remains.  Frank  supported  this  theory  by 
anatomical  investigation  of  the  mycorhiza  of  numerous  plants 
and  later  by  physiological  experiments.  The  latter  consist  in  the 
comparative  cultivation  of  seedling  forest-trees  in  a  sterilized 
humus-soil,  and  also  in  a  n on- sterilized  soil  containing  the 
mycorhiza-fungi.  These  experiments  showed,  in  the  case  of 
beech,  that  those  trees  in  sterilized  soil  with  normal  roots  and 
root-hairs  without  mycorhiza,  were  poorly  developed,  and  died 
after  several  years,  while  the  others  with  mycorhiza  grew 
vigorously. 

Frank  also  pointed  out  that  mycorhiza  are  developed  only 
in  soils  containing  humus,  and  in  the  humus  layer.  He 
assumes  that  the  fungus  conveys  to  the  tree-roots  not  only 
carbon  compounds,  but  also,  since  the  mycorhiza-eells  contain 
no  nitric  acid,  nitrogen  in  organic  compounds. 

The  mycorhiza- caps  suppress  the  formation  of  root-hairs,  but 
I  have  frequently  seen  hairs  on  neighbouring  roots  or  on  parts 
:  of  the  same  root  behind  the  fungus-cap  (Figs.  17  and  18).  Iu 
'  soil  free  from  humus,  root-hairs  are  always  present  and  carry 
on  their  work  normally.  Sehlieht1  found  that  pines  growing 
in  poor  sandy  soil  without  humus  had  no  mycorhiza,  but  only 
normal  root-hairs.  Iteess  fouud  that  pines  near  Erlangen  had 
quite  as  many  rootlets  without  mycorhiza  as  with.  It  would 
thus  appear  that  while  every  tree  possesses  a  number  of  roots 
with  fungus  on  them,  yet  the  complete  transformation  of  the 
whole  root-system  to  mycorhiza  is  by  no  means  so  general  as 

1  Schliuht.  Inang.  Dissertation,  Berlin,  1889,  p.  9. 
Frank,  Ber.  d.  dtutsch.  botan.  Ota.,  1892,  p.  683. 
Reess,  Ber.  d.  deuttck.  botan.  Get,,  1885,  p.  285. 
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Fio.  17.— Spruce  seedling  In  third  year,  grown  In  clay  losm.    Typical  coral -like 
mycorblia  are  absent.    Tbo  strong  root  to  the  right  shows,  on  Its  newer  parts 

not  modified  In  any  way— soma  arc  covered  with  loose  fungal  caps,  othara 
haTe  both  fungal  caps  and  root-halra,  while  others  an  quite  free  from  fungi. 
<».  Tabeuf  phot.) 
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in  Monotropa.  The  root-system  of  a  tree  has  not  only  to  secure 
nourishment,  but  also  the  rigidity  and  stability  of  the  tree.1 
This  latter  can  only  be  attained  by  a  wide  distribution  of  roots 
in  the  firm  subsoil  free  from  humus,  where  normal  roots  with 
root-hairs  will  be  formed.  The  nursing  function  of  the  mycorhiza 
seems  thus  to  be  less  important  than  in  the  case  of  Monotropa. 


Fio.  U.—Mytorhiia  of  Finn 
cltntan  of  mjwrtl™  u  «r«l 

exhibiting  button-liko  thickenings 
internally  completely  destroyed  by 


My  newest  investigations  on  this  subject 3  show  that,  amongst 
the  gymnospermous  forest-trees,  the  Abietineae  alone  have  roots 
externally  clothed  with  a  fungus ;  the  remaining  groups  have 
all  endophytic  mycorhiza.  The  Abietineae  have  frequently  only 
a.  fine  mantle  of  fungus  on  their  rootlets,  and  do  not  produce  the 
tufts  of  short,  branched  roots  so  characteristic  of  mycorhiza  in 
general.  Frank  does  not  seem  to  be  altogether  correct  in  his 
view  that  the  Abietineae  are  almost  or  quite  incapable  of  multi- 
plication by  slips,  because  they  would  then  require  to  exiBt  for  a 
time  without  mycorhiza.  Probably  there  is  some  other  reason 
for  this,  because  the  Salicaceae  (e.g.  Poplars),  which  have  typical 
coral-branched  mycorhiza,  are  almost  exclusively  multiplied  by 
slips. 

1  Hoveler,  ("lib.  die  Verwertbung  d.  Humua  bei  il.  EruShrung  d.  chlorophyll- 
Ftlhrenden  Pflanzen."  Inaug.  Diss.,  Berlin,  18921,  states  that  roots  are  able  U> 
utilize  the  soil- constituents  without  aid  of  fungi. 

"Tubeuf,  -Fortf.- no/ unci*".     Zainduift,  1896. 
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After  the  mycorhiza  have  functioned  as  such  for  some  time, 
the  fungoid  sheath,  as  well  as  the  hyphae  contained  in  the 
cortex  of  the  root  outside  the  endodermis,  are  thrown  off  by 
internal  cork-forniation.  This  is,  however,  not  always  the  case, 
for  the  fungus  may  penetrate  further  and  develop  injurious  para- 
sitic characteristics;  this  is  so  with  Polysojxum1  and  Elaplwrnyces? 


Endotrophic   Mycorhua. 

(1)     On  non-chlorophylloui  plants  living  in  bumui. 

Certain  Orchideae — Nrottia  Nidus  avis,  Epipogon  Gmelini, 
Goody  era  repens,  etc.,  as  well  as  some  Gentianeae,8  possess 
roots  developed  as  endotrophic  mycorhiza.  In  Coralliurhiza  the 
fungus  frequents  the  short  coral-like  rhizomes.  The  fungus  in 
these  cases  penetrates  into  the  cells  of  the  root-cortex,  and 
there  forms  a  ball  or  coil  of  hyphae ;  it  neither  covers  the 
roots  externally  nor  inhabits  the  epidermal  cells,  so  that  the 
production  of  root-hairs  goes  on  quite  normally.  From  the 
circumstance  that  the  hyphal  coils  become  emptied  and  only 
the  remains  of  walls  are  left  in  the  still  living  root-cells,  Frank 
concludes  that  the  fungus  after  being  nourished  for  a  time  by 
the  root-cells  is  ultimately  deprived  of  its  contents  by  them. 
On  this  account  he  calls  these  roots  "  fungus-traps,"  and  the 
plants  possessing  them  "  fungus  -digesting  plants."  It  must  be 
remarked,  however,  that  the  fungus  grows  onwards  from  older 
parts  of  the  roots  to  younger,  so  that  here,  as  in  many  other 
cases,  the  contents  of  the  hyphae  may  pass  from  the  older  into 
the  younger  hyphae.  Frank  himself  suggests*  the  possibility 
that  the  roots  take  up  nutriment  without  aid  from  the  enclosed 
fungus,  and  also  that  the  latter  receives  its  food  parasitically 
from  the  former.  What  advantage  the  roots  may  receive  from 
reabsorption  of  food,  which  they  have  previously  supplied  to  the 
fungus,  has  not  been  closely  investigated,  nor  has  the  question 
whether  the  roots  are  in  a  position  to  nourish  the  plants  equally 
well  without  fungi. 

The  root-fungi  of  Orchideae  have  long  been  known,  and  Pfeffer* 

1  liruna,   "Beitrag  i.    Kenntnias  d.  Guttling  Polysaccum,"  Flora,   1S94. 
'Reen,  "  Untersuch.  liber  il.  Huaclitruffel,"  Bibiiog.  Botan.   1887. 
1  Pringtham't  Jahrbuch,  xvi.   and  XX. 

'Frank,   Lthrbueh  d.   Botanik  p.  267.  6  Landicirth.  Jakrbuch,   1877. 
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suggested  that  the  reduced  formation  of  hairs  ou  their  roots  was 

due  to  the  fungus-hyphae  behaving  physiologically  as  root-hairs. 

Johow,    in    opposition   to   Frank,  states   that  the  non-chloro- 

phyllous   Wullsehlaegelia,  a  relative  of  Neottia,  shows  no  trace  of 


(v.  Tubeuf  phot) 

fungal  hyphae  about  its  roots,  and  yet  derives  nourishment  direct 
from  humus.  The  same  author  found  among  roots  of  the  Bur- 
manniaceae,  some  free  from  fungi,  and  some  with  the  rind,  and 
even  the  epidermis  full  of  mycelium. 

(2)     On  chlorophyll ous  plants  living;  amongst  humus. 

According  to  the  investigations  of  Frank,  all  our   Ericaceae, 
Epacrideae,  and  Empetraceae,  living  in  the  humus  of  moor,  heath, 
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or  wood,  possess  endotrophic  mycorhiza.  These  appear  as  fine, 
elongated  rootlets  whose  epidermal  cells  never  develop  as  root- 
hairs,  but  become  filled  with  coils  of  fungoid  hyphae. 

Schlicht  mentions  a  large  number  of  herbaceous  plants  out  of 
the  most  widely  separated  genera  of  Angiosperms,  the  finer  roots 
of  which  he  found  regularly  developed  as  mycorhiza.  These,  how- 
ever, possess  in  addition  normal  root-hairs,  which  without  doubt 
function  as  such.  The  endotrophic  coils  of  fungi  are  situated  in 
the  inner  cells  of  the  cortex  surrounding  the  conductive  tissues, 
and  Schlicht  regards  them  as  important  in  transmitting  to  the 
conducting  tissues  substances  taken  up  by  the  root-hairs.  Since, 
however,  the  fungus  inhabits  living  cortical  cells,  it  is  quite 
possible  that  these  transmit  the  food-materials  direct  without 
the  aid  of  the  fungus. 

Schlicht  found  endotrophic  mycorhiza  on  Leguminosae,  while 
Frank  found  them  on  the  alder,  both  being  distinct  from  the 
well-known  tubercles  of  these  plants. 

Kiihn1  and  Goebel*  found  endophytic  root-fungi  on  Marat- 
tiaceae,  Ophioglosseae,  and  Lycopodium ;  Kiihn  also  found  spores 
which  resembled  those  of  Schinzia. 

Endotrophic  mycorhiza  are  also  present  in  saprophytic  green 
orchids,  as  well  as  in  hemi-saprophytic  orchids  without  green 
colour;  and  Meineke8  found  hyphae  passing  through  the  little 
cells  of  the  endodermis  of  the  aerial  roots  of  orchids  into  the 
mucilage-masses  of  the  rind -parenchyma.  Schimper  found  fungi 
present  on  the  adherent  side  of  the  roots  of  epiphytic  orchids. 


Mycodomatia  of  Myricaceae,  Elaeagnaceae,  and  the 
Alder.* 

The    above-mentioned    plants    possess    a    well-developed    and 
normal    root-system,  and   also  characteristic  lateral   outgrowths, 

1  Ktthn,   "  U lite rsu chungen  111),  d.   Anat.  d.   Marattiaceen,"   Flora,   1880. 
'Uoebel,  Boteat.  Zeitang,  1887. 

1  Meineke,   "  Bciti .  z.  Anat.  d.  LuftwurzeLii  d.  Orchideen,"  Flora,  1894. 
*  Bibliography— Woronin,  Mtm.  dt  Vacad.  da  sci.  de  St.  P&erabvrg,  1866. 

Bruochorst,  Btr.  d.  devlseh.  hot  an.  Ott.,   1885. 

Bnmchorat,    (Inter*,  au*  d.  botan.   Inst.    Tubingen,   1886. 

Mollor,   Ber.   d.  dmtsch.  botan.  Ote.,  1885  and   1890. 

Frank,  Ber.  d.  deattch.  botan.  Ota.,  1887  and  188B. 

Atkinson,   "The  genus  Frankia  in   U.S.   America,"  Torreu 
CVufc  Bulletin,   1802,  p.   171,  with  plate. 
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which  may  increase  to  very  large  tubers,  with  surfaces  resemb- 
ling a  bunch  of  grapes  (Fig.  21).  In  the  large  cells  of  the 
middle  layers  of  the  primary  root-cortex  of  these  growths, 
coils  of  very  fine  fungus-threads  are  sheltered ;  these  extend 
year  after  year  into  the  younger  parts  of  the  enlarging  tuber- 
cles, and  gradually  disappear  in  the  older  parts.  What  may 
be    the    significance    of   these    structures    for    plants   possessing 


chlorophyll  and  furnished  with  normal  roots  is  as  yet  unknown. 
Plants  which  have  grown  well  for  years  in  water-cultures  do  not 
show  them.  On  account  of  the  cork-covering  with  which  these 
tubercles  are  furnished,  it  would  seem  that  they  are  not  adapted 
for  taking  nourishment  out  of  the  soil. 

Woronin  described  them  first  on  the  alder,  Warming  on 
Elaeagnaceae,  while  Moller  proved  their  fungal  origin. 

The  species  of  fungi  which  produce  these  tubercles  have  been 
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provisionally  distinguished  as  Frankia  alni  (Wor.)  on  alder,  and 
Prankia  Brunchorstii  (Moll.)  on  Myriea  Gale. 

Hiltner,1  after  a  series  of  experiments,  states  that  first-year 
alders  without  tubercles  do  not  thrive  in  soil  free  from  nitrogen, 
nor  do  they  take  up  nitrogen  from  the  atmosphere ;  when, 
however,  provided  with  root-tubercles  they  assimilate  nitrogen. 
The  tubercles  also  functionate  in  water,  and  soil  rich  in  nitrogen 
has  the  affect  of  slightly  increasing  the  assimilation  of  that 
element.  The  tubercle-fungus  is  at  first  parasitic  on  the  alder, 
and  is  only  of  use  to  the  plant  after  the  tubercles  have  fully 
developed. 

Mycodomatia  of  the  Legnminosae. 

All  Leguminosae  growing  in  their  native  soils  exhibit  the 
so-called    tubercles.       These    are    accessory    formations    of   the 

primary  root-rind  and  are   furnished  with 

vascular  bundles  connected  with  the  root- 
bundles  ;  they  consist  of  a  cortex  of  normal 
cells  surrounding  an  inner  large -celled 
parenchyma  with  turbid  cell-contents  con- 
sisting of  numbers  of  bacteria,  (Bacterium 
radicola,  Beyerink,  or  Bhiztibinm  leguminos- 
arum,  Frank.)* 

Frank  describes  minutely  the  formation 
of  these  tubercles.8     The  short  rod-shaped 
microbe    forces    its    way    into    a    root- hair 
or  epidermal  cell,  multiplies  there,   and   is 
conducted    to   the   inner  cortical  cells  by 
plasma-threads     continuous     through     the 
cell-walls.     A  rapid  division   of  the  inner 
cortical    cells    is  set   up,  till  a  tubercle  is 
formed,  which    may  still    further    increase    nJI^.iSlSrtSbmS'™ 
by  continued  cell-division  from  a  meristem    {£££)* """"*"■  <* •T"b9Uf 
at  its  apex.     The  bacteria  multiply  simul- 
taneously,  and    are    transferred    into    the    new  cells  where   a 
great   change    comes    over   most    of  them ;    they    enlarge    very 

'Hiltner,    "  Ueber  d.   Bedeutung  d.    Wurzelknollcheu   v.   Alnua  glutinoea," 
yobbt'i  Land«rirtKlm/l.  Vertvclw-italfancn,   1885. 
■Worooin,  M4m.  de  Facad.  da  tci,  de  St.  Pitersburg,  1886, 
•  I**rftt*A  d.  Botami,  p.  271. 
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much  and  become  club-shaped  or  dichotomously  branched 
bodies  without  power  of  division,  which  may  be  designated 
"  bacteroids."1     Brunch ore  t  found  the  contents  of  the  bacteroids 


to  disappear   at  the  time    of  the  fruit-formation  of   the   host- 
plant.     A  small  number  of  micro  be- bodies  still  remain,  according 
to    Frank's    observations,  capable    of   division,  and    these,   after 
1  According  to  Moller,  they  undergo  fatty  degeneration. 
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decay  and  break-up  of  the  tubercles,  reach  the  soil  ready  to 
bring  about  new  infections. 

The  great  importance  of  the  tubercles  of  Leguminosae  is 
that  the  plants  bearing  them  are  capable  of  taking  up  free 
nitrogen  from  the  atmosphere  and  utilizing  it,  while  without 
the  tubercles  they  could  not  do  so.1  If  Leguminosae  be  grown 
in  soil  rich  in  nitrogenous  food-substances,  the  tubercles  are 
not  so  well  developed. 

According  to  Schneider,9  the  host-plant  under  the  influence 
of  the  Shizobium  produces  cellulose  tubes,  which  become  filled 
with  the  fungus.  According  to  Beyerink,8  these  tubes  consist 
of  bacterial  slime  secreted  by  the  Shizobium.  The  epidermal 
tissue  of  the  tubercles  consists  of  a  loose  layer  of  cork  with 
many  intercellular  spaces;  this  arrangement  is  stated  by  Frank* 
to  facilitate  the  usual  transpiration.1 

■Hellriegel  u.  Wilfurth,  BtricliU  d.  dtmUtk.  bolan.  Of*.,  1889;  also  Ztit»chrifl 
f.  it.  RttbtiiziKker-  Industrie,  188S. 

'Ber.  d.  dcttttch.  bolan.  Get,  1894,  p,  11. 

3  Ce.ntralhl.  f.  Bacterologic  «.  Paranlenkaade,  1894. 

*  Btr.  d.  dtutseh.  botan.  Ota.,  1892. 

'Schneider  {BuHttin  of  the  Torrey  Club,  1892),  gives  n  short  account  of 
American  Wtizobia,  and  refers  to  the  chief  works  on  this  subject.     (Edit.) 
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PART  SECOND. 

SYSTEMATIC  ARRANGEMENT  OF  THE   CKYPTOGAMIC 
PARASITES. 

I.    THE  PATHOGENIC  FUNGI  OF  PLANTS. 

The  vegetative  body  of  the  Fungi  is  a  thalloid  structure 
known  as  a  mycelium,  and  composed  of  one  or  more  hyphae. 
The  hyphae  are  cells  included  in  a  firm  wall  of  fungus-cellulose 
of  varying  composition;  they  grow  apically,  and  hence  are 
always  filamentous  in  shape.  In  the  simpler  cases,  the  mycelium 
is  a  non-septate  tube  unbranched  or  branched ;  in  the  more 
complex  forms,  it  consists  of  a  system  of  hyphae  divided  into 
cells  by  cross-septa.  By  the  union  and  anastomosing  of  numerous 
hyphae,  a  tissue  may  be  formed  not  unlike  the  parenchyma  of 
higher  plants,  hence  receiving  the  name  pseudo-parenchyma. 
From  this  tissue  may  arise  distinct  structures  of  many  kinds, 
such  as  the  sporophores  of  the  Polyporeae,  or  strands  of 
tissue  like  the  well-known  rhizomorphs  of  Agaricua  milieus, 
or  masses  of  resting-myeelium  like  the  sclerotia  of  Clavieeps. 
It  is  also  not  uncommon  to  find  a  differentiation  in  the  structure 
of  the  vegetative  mycelium  in  the  form  of  lateral  outgrowths 
of  the  hyphae,  developed  as  organs  for  the  collection  of  nutri- 
ment— the  haustoria, — or  as  organs  of  attachment — appressoria. 
Reproduction  may  take  place  sexually  by  the  union  of  two 
cells  or  nuclei,  the  product  of  which  is  a  spore  or  zygote  capable 
of  germination ;  or  asexually  by  means  of  endogenous  spores 
or  swarm-spores,  or  by  the  abjunction  of  conidia  of  different 
kinds.  Sexual  reproduction  is  common  amongst  the  lower 
fungi,  but  in  the  higher  forms,  if  existent   at  all,  it  is  very 
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obscure  and    is  replaced  by  numerous  and    complex  modes  of 
asexual  multiplication. 

The  lower  forms  of  fungi,  in  the  structure  of  the  thallus,  mode 
of  reproduction,  and  adaptation  to  an  aquatic  life,  exhibit  distinct 
relationship  with  the  Algae,  particularly  with  the  Siphoneae. 

Since  the  fungi  do  not  possess  chlorophyll,  their  nutrition 
is  carried  out  by  the  absorption  of  organized  material  in  a 
saprophytic  or  parasitic  manner.  Parasitic  fungi  are  the  cause 
of  numerous  and  dangerous  diseases  of  plants,  whereas  they 
only  rarely  bring  about  a  diseased  condition  of  the  animal  body. 
Bacteria  on  the  other  hand,  which  cause  so  many  animal  diseases, 
seldom  affect  plants  injuriously.  While  many  parasites  are 
strictly  limited  to  a  parasitic  mode  of  life,  a  large  number 
naturally  spend  a  part  of  their  lives  as  saprophytes,  and  others 
may  be  made  to  do  so  artificially  on  nutritive  substrata 
under  suitable  conditions.  The  latter  method  forms  in  fact  a 
valuable  aid  for  completing  our  imperfect  knowledge  of  the 
life -histories  of  parasitic  forms.  In  addition  to  the  well-marked 
parasitic  fungi,  there  are  many  saprophytic  forme  which  become 
parasitic  for  a  relatively  short  time  or  under  special  conditions 
of  environment 

The  Fungi  are  divisible  into  two  large  groups,  the  lower 
fungi  (Phycomyeetes)  and  higher  fungi  (Mycomycetes). 

The  systems  instituted  by  various  investigators  differ  not 
a  little  from  each  other.     Three  of  the  principal  are : 

Db  Bart.  Zopf.  Bkkfkld. 

(1)  Phycomyeetes      (1)  Phycomyeetes  (1)  Phycomyeetes 

(8)  Ustilagineae         (2)  Mycomycetes  (2)  Higher  Fungi 

(3)  Aacomycetea  (a)  Baaidiomycetes  (a)  Mesomycetes 

(4)  Uredineae  (6)  Uredineae  Heaiiasci— Heiuibasidii 

(5)  Baaidiomycetes  (c)  Ustilagine&e  (6)  Mycomycetes 

(d)  Ascomycetes  Ascomycetes — Baaidio- 

mycetes 

We  shall  in  the  present  work  consider  the  Fungi  in  the 
following  order: 

Lower  Fungi  or  Phycomyeetes : 

Cbytridiaceae,  Zygomycetes,  Oomyeetes, 
Higher  Fungi  or  Mycomycetes : 

Ascomycetes. 

Ustilagineae,  Uredineae,  Basidiomycetes. 
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A.  Lower  Funoi  (Phicomycktbs).1 
The  lower  fungi  possess,  at  least  in  their  earlier  stages, 
single-celled  mycelia,  which  may  in  the  higher  families  become 
branched.  They  reproduce  sexually  by  oospores  or  zygospores, 
asexually  by  conidia.  The  Phycomycetes  are  divided  into: 
Chytridiaeeae,  Zygomycetes,  and  Oowiycetes. 

(1)  CHYTRIDIACEAE. 

The  fungi  of  this  family  are  chiefly  parasites  on  aquatic 
plants,  or  on  land-plants  inhabiting  moist  places.  The  my- 
celium is  one-celled,  very  rudimentary,  or  altogether  absent. 
Asexual  reproduction  takes  place  by  the  formation  of  zoo- 
sporangia  which  usually  produce  uniciliate  Bwarm-spores.  Sexual 
reproduction  is  rare,  and  is  effected  by  fructification  of  one 
cell  by  a  fertilization-tube  from  another;  the  resulting  bodies 
are  zoosporangia  which  on  germination  set  free  swarm -spores. 
Hibernation  is  effected  by  resting-spores  produced  from  sporangia 
in  which  the  formation  of  swarm-spores  is  suppressed,  and 
which  become  clothed  in  a  thick  membrane.  Some  of  the 
species  cause    interesting  deformations  on  the  organs  of  plants. 

The  Chytridiaeeae  include  the  families  of  Olpidiaceae,  Syncky- 
triaeeae,  Cladochytriaeeae,  Ehizidiaceae,  ffypochytriaceac,  and  Oochy- 
triaetae.  Of  these,  only  the  first  three  contain  species  parasitic 
on  higher  plants.  They  occur  epidemic  only  in  moist  situations, 
and  rarely  cause  great  damage  to  cultivated  plants. 

OLPIDIACEAE. 

The  whole  vegetative  body  becomes  a  single  zoosporangium 
or  a  resting-spore.     Sexual  reproduction  is  very  rare. 

Olpidium. 
The  vegetative  body  consists  of  a  naked  mass  of  protoplasm, 
the  product  of  a  single  spore.  This  becomes  later  enveloped 
in  a  thin  wall  of  cellulose,  and  forms  a  zoosporangium  with  a 
long  neck  through  which  the  cell-contents  are  ejected  as 
uniciliate  swarm-spores.  The  cellulose  membrane  may  become 
thicker  and  a  resting-spore  (sporangium)  result,  which  in  course 
of  time  germinates  and  gives  off  swarm-spores. 

a  Rabouhorst's 
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Olpidinm  brasiicae,  (Wor.)1  {=Chytridium  bramcae,  Wor.) 
Cabbage-seedlings  die  if  this  fungus  finds  its  way  into  the  tissue 
at  the  neck  of  the  root.  The  spherical  sporangia  are  formed  at 
this  place,  and  their  long  necks  project  out  of  the  cells  enabling 
the  uniciliate  swarm-spores  to  escape.  Kesting-spores  with  a 
warty  thickened  membrane  occur  in   the  cells  of  the  epidermis. 


Plo.  •H.—ctyrvUiuK  brauiau,  Wor.  Oil  containing  three  »i 
which  in  rliMbirglag  ioMpores;  one  »pomngium  It  already  el 
•pom  tntide  the  celli  ol  >  cabboge.pluit.    (After  Woronln.) 

The  disease  is  favoured  by  moisture,  and  restricted  by  dry 
surroundings.  Ground  subject  to  attack  should  be  planted 
with  crops  other  than  cabbage. 

Olpidinm  trifolii,  Schroet.  {  =  Synchylrium  trifolii,  Pass.) 
Produces  deformation  of  the  leaves  and  petioles  of  Trifolium 
repens.     The  fungus  b'ves  in  the  epidermal  cells. 

Olpidinm  lemnae,  Fisch.,  in  epidermal  cells  of  Lemna. 

Olpidinm  simulans,  De  Bary  and  Wor.,  in  Taraxacum 
officinale, 

A  number  of  other  species  inhabit  algae,  spores,  fungus- 
mycelium,  pollen -grains,  and  eggs  of  Rotatoria. 

The  genera  Reessia,  Pseudolpidium,  Olpidwpsis,  Plcotrachelwi, 
Ectrogella-,  Pleolpidinm  are  parasitic  only  on  lower  plants,  especially 
on  algae. 

SYNCHYTRIACEAE. 

The  whole  mycelium  divides  up  into  a  number  of  sporangia, 
which   remain  together  as  a  sorus.     The   winter   res  ting-spores 
1  Woronin,  Pringtham'a  Jahrbuckf,  mm.  Botanik,  1878  (Fig.  31). 
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originate  from  the  whole  mycelium  or  parts  thereof,  and  are 
isolated  or  united  into  a  sums. 


Bynchytrium  and  Pycnochytrinm.1 
Here,  as  in  Qlpidium,  the  mycelial  byphae  are  wanting,  and  the 
vegetative  body  escapes  from  the  spore  as  a  naked  mass  of 
plasma,  which  is  later  enclosed  in  a  membrane.  This  vegetative 
body  may  also  develop  into  a  sorus  of  thin-walled  sporangia; 
these  separate  in  water,  and  each  ejects  from  a  pore  numerous 
swarm-spores  with  a  single  long  cilium.  In  the  event  of  resting- 
spores  being  formed,  the  membrane  of  the  vegetative  body 
becomes  thickened  into  a  brown  exospore.  The  resting-spores  on 
germination  liberate  their  contents  as  a  single  mass,  or  as  several 
zoospores.  In  the  former  case  the  single  mass  divides  at  once 
into  zoospores,  or  into  a  sorus  of  sporangia,  which  ultimately 
give  off  zoospores. 

These  fungi  are  found  in  the  interior  of  cells,  especially  of 
the  epidermis.  The  one  cell  inhabited  by  the  fungus  grows 
out  as  a  simple  papilla,  or  several  neighbouring  cells  are  also 
modified,  and  grow  out  along  with  the  original  one  to  form  a 
gall-like  swelling.  The  species  of  Synchytrium  generally  in- 
habit the  epidermal  cells  of  land  plants,  yet  disease  caused 
by  them  is  commoner  in  moist  than  in  dry  situations.  They 
cause  so  slight  deformation  and  damage  to  cultivated  plants  that 
they  are  of  little  practical  importance. 

The  Pycnochytrinm  of  De  Bary  is  regarded  by  Fischer  as  a 
sub-genus,  by  Schroeter  as  a  genus. 

Bynchytrimn. 

The  son  of  zoosporangia  are  formed  by  direct  division  of 
the  mature  sporopbore,  and  are  enclosed  in  the  colourless 
membrane  of  the  mother-cell. 

Synchytrium  taraxaci,  De  Bary  and  Wor.  (17.  S.  America).2 
This  produces,  especially  on  Taraxacum,  warty  galls  composed  of 
a  diseased  epidermal  cell,  enlarged  and  surrounded  by  a  wall  of 

■Schroeter:  Cokn'n  Btitr&ae  z.  Biol.  d.  PJtanzenL,  1875,  and  in  Srvjltr-Prantl 
PJUmanfamtiien,  1892. 

De  Bary  and  Woronin,  Btrkht.  d.   natfortch.  GtJt.  zu  Frtibury,  1863. 

*  We  propose  to  indicate  in  this  way  species  recorded  in  Seymour  and  Farlow'a 
"Host-index"  for  North  America;   British  species  by  (Britain).     (Edit.) 
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less  swollen  neighbouring  epidermal  cells.     The  sporangia  contain 
reddish-yellow  drops  of  oil,  so  that  the  swellings  appear  yellow. 
The  organs  attacked  are  much 
distorted    and    more    or    less 
stunted. 

The  same  fungus  occurs  on 
other  Compositae,  and  is  pro- 
bably identical  with  S.  son- 
guineum  of  Schroeter,  which 
produces  dark  red,  crusty  swell- 
ings on  Cirsium  palustre  and 
Crepis  biennis. 

Along  with  S.  iara-eaci  one 
often  finds  Olpidium  simulant. 

8.  fbJgens,  Schroeter  (U.  S. 
America),  produces  reddish- 
yellow  swellings  on  the  leaves 
of  Oenothera  biennis  and 
■muricata;    when   resting-spo:  _ _  .......  _. . 


Flo.    as,— SjiwAylriwB    lam: 


appear  they  form  brown  crusts,  (v.  TutSur ™™)"°     m°* 

The   sori    of  zoosporangia   are 

detached     from     the     host- plant     as     single    sporangia,     which 

become  scattered   over  the  leaves. 

8.  trifolii,  Pass.  (  =  Olpidium  trifvlii,  Schroeter),  is  as  yet 
little  known. 

Other   American   species    are : — 

8..  papillatnm,  Farl.,  on  Geranium. 

8.  decipiens,  Farl.,  on  Amphicarpaea. 

8.  vaccinii,  Thomas,1,  on  Vaceinium,  Gaultheria,  Kalmia, 
Rhododendron,  etc. 

Pycnochytrinm. 

The  sori  of  zoosporangia  are  not  produced  directly  from  the 
mature  sporophore,  but  the  contents  of  the  sporophore  pass  out 
by  a  fine  opening  and  form  a  thin-walled  vesicle,  the  protoplasm 
of  which  breaks  up  into  sporangia. 

Schroeter  divides  the  genus  into  two  sub-genera. 

(A)  Mesockytrium.     The  discharge  of  the  original  sporophore 

2J.   Jerw.y  Agric.   Coll.   Bullet.   64,  Dec. 
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and  the  formation  of  zooaporangia  take  place  in  the  cells  of  the 
living  host-plant.  In  addition,  spores  are  formed  which  have 
a  resting  period. 

(B)  Only  one  kind  of  spore  is  formed  ;  it  has  a  resting  period, 
and  only  proceeds  to  produce  sori  of  zooaporangia  after  decay 
of  the  host-plant. 

(«)   Ckrysochytriuvi :  protoplasm  contains  a  yellow  oil. 

(b)  Zeucochytrium ;  protoplasm  colourless. 

Each  of  these  divisions  is  sub-divided  into  forms  with  simple 
vesicles,  and  those  with  compound. 

Mesocbjtrium. 

Synchytrium  (Pycnochytrium)  succisae,  De  Bary  and  Wor.1 
This  parasite  forms  warty  swellings  and  yellow  spots,  generally 


Hi. 


Fin.  SB.— SjmclylriHm  mecitai.    A,  A  mature  •poretnrp  fn»idt 
B,  In  the  upper  part  of  the  cell  n  *ortu  of  ftwann-aporaufllH  after 

■para.    (Attar  Sohroeter.) 
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on  the  radical  leaves  and  base  of  stem  of  Scabiosa  succisa. 
Infection  is  brought  about  in  damp  situations  by  means  of 
swarm-spores.  These  have  a  single  cilium,  and  bore  their  way 
into  the  host-cell.  After  entrance,  they  produce  a  plasma-mass, 
which  becomes  enclosed  in  a  delicate  membrane.  The  cell  so 
formed  sprouts  at  its  uppermost  pole,  and  gives  rise  to  a  new 
spherical  cell,  into  which  the  older  discharges  itself.  In  the 
second  cell  numerous  small  sporangia  are  formed,  so  that  it 
represents  a  sporangial  sorus ;  beside  it  is  always  found  the 
empty  membrane  of  the  first  cell.  The  sorus  breaks  up  later 
into  single  sporangia,  which  on  opening,  set  free  their  contents 
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as    zoospores    a  warming    by    means    of   a   cilium.     In   addition, 
resting-spores  are  developed  singly  or  in  groups. 

The  first  effect  on  the  ho3t-cell  of  the  entrance  of  a  swarm- 
spore  is  that  it  becomes  distinctly  larger,  At  the  same  time 
neighbouring  cells  are  so  stimulated  that  they  multiply  and 
form  a  prominent  ring-shaped  swelling.  The  sporangia  discharge 
their  zoospores  on  the  host-plant  itself,  and  these  pass  into 
other  cells  of  the  swelling ;  here  they  form  resting-spores  and 
the  host-cells  die.  Schroeter  states  that  the  resting-spores  may 
be  found  from  August  onwards. 

S.  atellariae,  Fuck.  On  Stdlaria  media  and  S.  nemoruvi. 
The  reddish-yellow  hemispherical  swellings  are  produced  on  leaves, 
stems,  flower-stalks,  and  sepals,  either  isolated  or  as  a  crust. 
The  resting-spores  generally  form  brown  crusts.  The  host-leaves 
may  be  somewhat  crumpled,  but  beyond  this  undergo  little  de- 
formation.1 

Chrjnocfcjtrfun. 

(1)  Forming  simple  vesicles: 

Synchytrium  myosotidis,  Kiihn  (U.  S.  America).  The  epi- 
dermal cells  when  attacked  swell  up  to  form  club-shaped 
processes,  while  the  cells  with  no  fungus  remain  unaltered. 
The  normal  hairs  of  the  host-plant  are  fewer  on  diseased  than 
on  healthy  parts.  This  parasite  attacks  Boragineae,  e,g,  Myosotis 
airicta,  JJitliospermiim  arvense. 

8.  copnlatnm,  Thomas,  produces  red  eruptions  on  1'otentilla 
argentea  and  Dryax  octopetala  ;  diseased  cells  of  the  host-plant 
contain  red  sap. 

S.  punctilio,  Sorokin.     On  Plantago  lanceolate  and  P.  media. 

8.  laetum,    Schroet.     On   Gagca. 

(2)  Forming  compound  vesicles : 

8.  aureum,  Schroet.  Attacks  many  herbaceous  plants  as  well 
as  leaves  of  many  shrubs  and  trees.  Frequent  on  Lyaimackia 
Nummidaria,  Fragaria,  etc.  The  cells  attacked  are  swollen  and 
enclosed  in  a  patch  of  enlarged  neighbouring  cells. 

8.  piliflcum,  Thomas.  On  Potentilla  Tormeniilla.  The 
vesicles  are  hemispherical,  and  bear  on  their  summits  a  tuft 
of   abnormally    elongated    hairs.     Thomas2    found    this    species 


*Ber.  d.  dmtach,  botan.   (Ten.,  1883,  p.  496. 
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on  stems,  flower-stalks,  radical    and  cauline  leaves,  and  floral 
envelopes. 

Leucochytrium. 

(1)  Forming  simple  vesicles: 

8.  punctatum,  Schroet.     On   Gagm  praiensin. 

8.  rubrocinctnm,  Magnus,  forms  little  red  eruptions  on  Saxi- 
frage, gramdata,  the  cell-sap  of  the  host-plant  becoming  red. 

8.   alpintun,  Thomas.     On   Viola  Ujlora. 

8.  anomalum,  Schroet.  (V.  S.  America).  On  Adorn  Moscha- 
tellina,  less  common  on  Ranunculus  Ficaria,  l&opyrum  (halictroides 
and  Rumex  Acetosa.  The  size  and  shape  of  the  swellings,  as  well 
as  of  the  spores,  are  very  variable. 

(2)  Forming  compound  vesicles: 

8.    anemones,    De    Bary    and    Wor.    (U.    S.    America).     On 
ranuncidoirtcx   and    Tkalictrttm  purpura- 


srens,  attacking  stems,  leaves,  or  flowers,  and  forming  eruptions 
whose  cells  contain  a  red  sap.  In  very  bad  cases,  crumpling 
and  swelling  of  attacked  organs  occur. 
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S.  globosnm,  Schroet.  Where  the  attack  is  severe,  this  causes 
pearly  swellings  or  incrustations ;  it  frequents  plants  like  Viola, 
Galium,  Achillea,  Sonchus,  Myaotis. 

S.  mercnrialis,  Fuck.,  is  very  common  on  Mercurializ  perennis 
though  seldom  injurious  to  it.  One  severe  case  is  thus  de- 
scribed by  Sohroeter :  "  In  spring  the  stem  of  the  plant  was 
covered  by  a  thick  uneven  glassy  crust,  which  in  course  of  time 
became  raised  into  wing-like  processes  running  down  the  stem 
and  coated  on  both  sides  with  white  granules  of  the  immature 
parasite ;  the  leaves  were  completely  rolled  together,  crumpled, 
and  covered  with  glistening  prominences  as  with  fine  silver  sand. 
The  plant  in  this  condition  developed  poorly,  scarcely  flowered, 
and  soon  died,  so  that  by  the  end  of  September  few  diseased 
examples  could  be  found." 

CLADOCHYTRIACEAE. 

The  vegetative  body  is  frequently  a  branched  mycelium.  It 
lives  intercellular  as  a  saprophyte,  or  intracellular  as  a  parasite, 
and  forms  intercalary  or  terminal  swelliugs,  in  which  zoospor- 
angia  or  resting-spores  are  produced,  then  it  disappears.  Sexual 
reproduction  does  not  occur.  The  parasite  lives  in  and  forms 
swellings  on  aquatic  plants,  or  land  plants  in  moist  situations. 
The  genera  Urophlyetis  and  Physodei-ma  contain  species  parasitic 
on  higher  plants ;  together  with  the  saprophytic  Cladosporamjivm, 
these  are  regarded  by  Fischer  as  sub-genera  of  Cladochytriwm, 
and  as  snch  they  are  also  here   regarded. 

Urophlyetis  has  both  zoosporangia  and  resting-Bporea,  Physo- 
derma  has  only  resting  spores,  Cladoxporangium  only  zoospor- 
angia. 

Urophlyetis. 

The  delicate  mycelium  is  un branched,  or  only  slightly 
branched,  and  lives  endophytic,  boring  through  the  walls  of 
the  host-plant.  At  the  place  where  a  hypha  enters  a  host- 
plant  it  forms  a  swelling  or  collecting  cell  (sammelzell),  which 
generally  becomes  differentiated  into  a  larger  cell  rich  in  contents, 
and  an  outer  smaller  one  with  few  contents,  hut  with  fine 
terminal  bristles.  From  the  collecting  cells  new  hyphae 
originate  and  produce  other  collecting  cells  in  neighbouring 
host-cells.     The  zoosporangia  are  situated  outside  the  host-cells, 
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but  send  a  hyphal  process  inside,  which  branches  into  a  tuft 
of  rhizoids.     Resting-spores  may  be  found,  several  in  each  cell. 

Oladochytrium  (Urophlyctis)  pnlposam,  (Wallr.),  causes  on 
leaves,  stems,  and  flowers  of  Ckenopodium  and  Atriplex  glassy 
swellings,  in  the  undermost  cells  of  which  are  situated  the 
zoosporangia.  The  resting-  spores  have  brown  shining  walls  and 
lie  inside  the  cells.     The  zoospores  are  uniciliate. 

OL  (Ur.)  butomi,  Biisgen.  On  leaves  of  Sulomus  umbeUatus. 
Black  spores  are  produced  containing  resting-spores.  The  col- 
lecting cells  have  tufts  of  hair. 

Physoderma. 

Zoosporangia  are  absent.  Resting- spores  formed,  several  in 
each  host-cell. 

Oladochytrium  (Phy.)  menyanthis,  De  Bary  (U.  S.  America). 
On  leaves  and  petioles  of  Menyanthet  trifoliata  this  forms 
vesicles  containing  resting-spores.  The  collecting  cells  have 
terminal  hair-tufts.  Diseased  leaves  are  generally  smaller  than 
healthy. 

OL  (Phys.)  flammnlae,  Biisgen,  forms  little  swellings  on 
leaves  of  Manwncvius  Flammula. 

OL  (Phys.)  Kriegerianum,  Magnus,  causes  transparent  swell- 
ings on  Oarum  Carui. 

OL  (Phys.)  iridis,  De  Bary,  on  Iris  pseudacorus. 

Fischer  mentions  other  species  on  Scirpus,  Alisma,  Ranunculus, 
Potentilla  an&erina,  Silaus  pratensis,  Slum  latifolium,  Phalarw, 
Gtyceria,  Symphytum,  Mentha,  Rumex,  Allium,  etc. 

Prunet 1  describes  Oladochytrium  viticolum  as  the  cause 
of  the  much-discussed  Brunisure  of  vine ;  also  OL  mori  as  a 
new  disease  of  the  mulberry.* 

The  same  authority 3  designates  as  Pjroctoanm  sphaericum,  a  parasite  on 
wheat,  which  has  become  very  abundant  in  Southern  France. 


(2)  ZYGOMYCETES. 
Unicellular  fungi.    Sexual  reproduction  does  not  take  place  by 
the  fertilization  of  an  ovum  in  an  oogonium  by  an  antberidium, 

'  Prunet,  Compt.  rend.,  ISM.  'Prunet,  Compt.  rend.,  OCX.,  1895,  p.  222. 

'Prunet,  Compt.  rtnd.,  1894,  n.,  p.  108. 
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but  by  conjugation  or  union  of  two  cells  of  the  mycelium 
separated  off  from  the  ends  of  two  hyphae  by  transverse  walls. 
As  a  result  of  conjugation,  a  zygospore  is  produced,  which  is 
a  resting-spore  and  corresponds  to  the  oospore  of  the  Oomycetes. 
The  zygospore  putB  forth  a  germ-tube,  which  becomes  a  mycelium 
bearing  sporangia  on  sporangiophores.  From  each  sporangium, 
spores,  never  swarm-spores,  are  set  free,  germinate,  and  produce 
a  mycelium.  Sporangia  Bimilar  in  form  to  the  zygospores  may 
be  asexually  produced  on  the  mycelium.  The  unicellular  and 
much -branched  mycelium  grows  into  its  substratum,  and  is 
nourished  as  a  rule  saprophytically.  The  Entomopkthoreae  cause 
important  insect-diseases  on  Muscidae,  Cabbage  Butterflies,  and 
caterpillars  of  Trackca  piniperda  {the  Pine  Beauty). 

Another  common  group  of  the  Zygomycetes,  the  Mucorini, 
penetrate  into  bruised  places  in  living  fruits,  and  produce  decay 
(see  p.  180).  Some  other  Zygomycetes  are  parasitic  on  fungi 
(Conidiobolus),  some  on  animals. 

(3)  OOMYCETE& 

These  fungi  possess  a  one-celled  and  much-branched  mycelium. 
In  their  vegetative  structure  they  most  nearly  resemble  algae 
like  Vaucheria.  Reproduction  is  brought  about,  asexually  by 
means  of  swarm-spores  formed  in  sporangia  (conidia  also  occur) ; 
sexually  by  oospores  derived  from  ougonia  and  antheridia. 

There  are  three  families  of  Oomycetes :  Saprdegniaceae,  Mono- 
blepharuleae  and  Peronosporeae.  Two  of  these  groups  contain 
parasitic  forms :  Saprolegniaceac  (eg.  Achyla  prolifera,  dangerous 
to  Fish  and  Crustaceans);  and  Peronosporeae. 

PERONOSPOREAE. 

The  greater  number  of  the  Peronosporeae  live  as  parasites  in 
the  tissues  of  higher  plants,  and  obtain  nourishment  generally  by 
means  of  haustoria.  The  mycelium,  in  earlier  life  at  least,  has  no 
dividing  septa,  and  generally  grows  in  the  intercellular  spaces  of 
the  host-plant,  and  sends  haustoria  into  the  cells.  Reproduction 
is  effected  asexually  by  formation  of  swarm-spores  in  sporangia, 
and  sexually  by  means  of  oospores.  The  latter  are  produced 
from  the  fertilization  of  an  ovum  in  an  oogonium  by  an  antheridium 
whose  contents  pass  through  a  fertilization-tube  penetrating  the 
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oogonium  wall.1  No  formation  of  apermatozoids  occurs,  as  U  the 
case  in  Vauekeria  and  other  groups  of  algae  showing  close  rela- 
tionship to  these  fungi  In  certain  cases  the  formation  of 
swarui-aporea  in  sporangia  does  not  take  place,  but  conidia 
are  produced,  which  germinate  directly  into  a  mycelium. 

Preventive  measures  against  the  whole  group  consist  in 
destruction  (by  burying  or  burning)  of  diseased  and  dead  parts  of 
host-plants  which  contain  the  hibernating  oospores ;  by  change  of 
crop  on  infected  fields ;  and  by  treatment  with  copper  reagents 
(see  Chap.  VL). 

To  the  I'eronosporeae  belong  the  genera  Pythium,  Phytoph- 
thora,  Cystopus,  Basidiophora,  Plasmopara,  Sderospom,  Bremia  and 


Pythium, 

The  mycelium  possesses  no  haustoria,  and  grows  lwth  between 
the  host-cells  and  inside  them.  Cross-septa  are  not  present  at 
first,  but  later  these  may  be  found  at  irregular  intervals. 
Pythium  lives  as  a  parasite  in  living  plants,  or  as  a  saprophyte 
on  a  dead  substratum.  The  conidia  are  of  various  forms,  and 
either  germinate  directly  into  hyphal  filaments,  or  discharge  their 
contents  into  a  bladder  where  zoospores  are  developed  and 
liberated  as  free-swimming  spores  with  two  lateral  cilia.  The 
oogonia  contain  only  one  ovum-cell,  which  is  fertilized  by  means 
of  an  antheridial  tube  applied  to  the  oogonium.  The  thick- 
walled  oogonia  on  germination  produce  hyphae  or  discharge  zoo- 
spores. 

Pythium  de  Baryanum,  Hesse 2  (Britain  and  U.  S.  America). 
This  parasite  is  injurious  to  the  seedlings  of  various  plants  in 
gardens  and  fields.  Some  of  its  commoner  hosts  are  maize, 
clover,  mangel,  millet,  and  many  species  of  the  Cruciferae ;  it  has 
also  been  found  on  the  prothalli  of  Equisetum  and  Lycopodium.9 
It  may  also  attack  living  or  dead  leaves  and  tubers  of  potato. 

The  sporangia  have  a  lateral  beak-like  outgrowth,  into  which 
the   plasma   passes   and   divides   into   biciliate  zoospores.       The 

'In    many    species    the    fertilization -tulie    remains    closed    e.g.    Plamiopara 

'Heme,  Pythium  de  Baryanum,  Halle,  1874.  Atkinson  {Cornell  Univ.  Agrie. 
Expt.  Slat.,  Bull.  94,  1895),  describes  and  figures  this  and  other  fungi  causing 
"  Damping-off. "    [Edit. ) 

"Sadebeck,  NMurforx.h.-VtraammUmg.,  1876. 
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sporangia,  however,  may  first  pass  through  a  resting  period. 
Sexual  reproduction  consists  in  the  impregnation  of  an  egg-cell 
by  means  of  a  fertilization-tube  from  an  antberidium.  The 
■oospores  are  formed  singly  in  each  oogonium,  and  are  liberated 
only  after  decay  of  the  oogonium  walls  and  the  tissues  of  the 
host-plaut  containing  them.  After  a  resting  period  they  pro- 
duce a  genn-tube,  which  penetrates  into  the  host-plant  and 
becomes  a  delicate  branched  colourless  intercellular  mycelium. 
Hibernation  is  accomplished  both  by  these  oospores  and  by  resting- 
conidia,  which  remain  amongst  the  decaying  plant-debris  on  the 
ground. 

Humphrey  has  observed  sickness  and  death  of  cucumber 
seedlings  as  a  result  of  Py.  de  Baryanum.  Wittmack  found  a 
species  (Py.  Sadebeckianum)  very  destructive  on  peas  and  lupines 1 
in  various  localities ;  it  has  been  observed  frequently  since. 

Py.  gracile  iu  parasitic  on  algae. 

Py.  dictyospermum,  Rac.  occurs  in  Spirogyra. 

Py.  cystosiphon  is  found  on  species  of  Lemna. 

Py.  intermedium  frequents  prothalli  of  vascular  cryptogams. 

Phytophthora. 

The  mycelium  is  at  first  non-septate  though  much  branched. 
It  grows  both  between  and  through  the  host-eells,  and  in  some 
species,  (eg.  Ph.  omnivora),  has  small  haustoria. 

The  conidiophores  branch  and  produce  a  large  number  of  conidia 
or  sporangia  in  succession.  The  first  conidia  are  terminal,  but 
are  displaced  towards  one  side  and  thrown  off  by  further 
growth  of  the  conidiophore  to  produce  other  conidia. 

The  sporangia  distribute  their  contents  as  swarming  cells  with 
two  lateral  cilia ;  the  conidia  produce  a  hypha  directly.  The 
egg-cells  are  developed  one  in  each  oogonium,  and  are  fertilized 
by  an  antheridium.  The  spherical  oospores  germinate  in  spring 
by  means  of  a  germ-tube. 

Phytophthora  omnivora,  De  Bary*  (syn.  Ph.  fagi,  R  Hartig.) 
This  is  a  destructive  enemy  to  the  seedlings  of  conifers,  and  even 
more  deadly  amongst  naturally-sown  beech-seedlings.  Death  of 
the  beech  is  preceded  by  brown-spotting  of  stems,  cotyledons  and 

1  Vtrtin  t    Be/,   d.    Moorkuttur,  1891. 
'R.   Hartig,  Zeituchrift  f. 
d.  foritbotan.   Iiut.    Munch* 


*R.  Hartig,  Zeittchrift f.  Porni  u.  Jagd-uxaen  1875;  also,  Unttriufh-annrn  a 
,.    -l  .         ....     —^flm*,   1880. 
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first  leaflets.     The  disease  is  spread  during  summer  by  conidia, 

or  swarming  cells  produced  from  sporangia.     The  passage  through 

winter  is  effected  by  means  of 

^l  oospores,  resulting  from  fertiliza- 

LJLg  tion  of  an  ovum  in  the  oogonium 

y]$i  by  a  fertilization-tube  from  an 

f  ^  antheridium.     The  intercellular 

mycelium  is  at  first  nonseptate, 

later  septate,   and   forms  small 

ha  us  tori  a.      Seedlings   of    other 

plants,    besides    those    already 

mentioned,  and  also  succulents 

(e.g.    Sempercivum    and    Cactus) 

may  be  attacked  and  killed  by 

this  same  fungus. 

This  epidemic  cannot  well  be 
combated  except  by  methods 
applicable  only  in  the  nursery. 
The  most  effective  method  is  to 
plant  no  young  seedlings  in 
plots  which  have  already  been 
diseased,  but  to  reserve  such 
plots  for  older  plants  to  which 
the  fungus  is  not  dangerous.  If 
the  disease  be  not  very  general, 
attacked  plants  may  be  removed 
singly  and  destroyed.  Since 
moist  air  is  very  favourable 
to  distribution  of  the  disease, 
all  nettings  or  trellises  should 
be  removed  from  seed-beds 
threatened  by  attack.  In  dry 
fio.  m.—pi>tiapiithBTn  aainirom.  Cotyledon,  airy  localities  there  is  less 
"o  d^^Hsr)tot^™rown  Vp^ta ^sro  iUrt3!e«'  danger  to  seedlings  than  in 
"I  T^ut  ™8lsr  d'veloped-    *  Datu"'1  ""■   moist. 

The  fungus  often  appears 
in  such  force  that  seed-beds  of  beech  or  conifers  are  denuded 
of  every  plant  within  a  few  days,  and  in  the  forest  beech- 
seedlings  may,  during  damp  weather,  be  completely  exterminated 
over  great  areas. 
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Another  parasite  of  conifer  seedlings — Fimma,  parasiticum — 
which  somewhat  resembles  Phytopktkora,  is  figured  and  described 
nmongst  the  "  Fungi  imperfecti." 

Phytophthora  infestans,  De  Bary.1  This  parasite  was  first 
observed    in    Europe    in     1845,    and    has    since    then    become 


■o  bean  nbeurbed  f  rum  ti 


emerged  through  the  cuticl 
7poniDglnni  hv  reached  m 
flnt  la  diapltoed;  (-,  b  i 
(After  R.  Hartlg.) 


in  disoMd  cotyledon  of  Beech. 
X  limp.]   £j-pluLe  with   inry  tit 


The  lt»rcb->rrmlns 


1  epidermis  of  a  Beech-™ 
~  ""9  growlo?  betw 
j,  »pot  where  8 
■orHngiophore/l  all 

tmgiophorea  hire 


only  too  well  known.  It  attacks  leaves,  shoots,  and  tubers 
of  potato  and  other  Solanaceae,  e.g.  the  tomato  (51  Lycopersieuiti). 
The  potato  leaves  become  discoloured,  brown-spotted,  and 
crumpled,  especially  in  damp  weather.  The  sporangiophores 
(gonidiopbores    of    De    Bary)     issue    from     the  *  stomata     in 
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tufts,  and  form  a  white  border  round  the  brown  parts  of 
the  leaf;  they  are  monopodially  branched  and  produce  terminal 
sporangia  (gonidia),  which  are  easily  detached.  The  sporangia 
on  germination  either  pro- 
duce a  varying  number  of 
zoospores,  or  germinate 
directly  like  conidia  to  form 
a  mycelium  capable  of  pro- 
ducing new  conidia.  The 
potato  -  disease  is  distin- 
guished from  Phytapkthcra 
omnivora  in  the  absence 
of  sexual  reproduction  by 
oospores.1  It  is  generally 
assumed  that  the  mycelium 
hibernates  in  potato-tubers, 
from  which  the  fungus 
recommences  to  spread  in 
spring.  Boehm,8  however, 
contests  this,  and  holds  the 
hibernation  of  the  fungus 
to  be  quite  unknown,  and 
that  from  the  tubers  of 
fio.  u.-guxhci  «i  *  BMch-uediinii  with  i»i™.    a   diseased   plant,  either   a 

■pom  u.  h  ;    tho  germ-tubes  from  these  penetrate  r 

IwlweenadUcBDtepidcrmsJ Icells;  t  ■ponmgkm  with      health?     plant    Or    none     8t 
■oospores  alrendj  gorminsting  liiiilde  It,  rf,  /;  r,  *  , 

germ-tube  which    n*.   penotretfld  directly  Into   so      a]l    results. 
epidermal  cell;  g,  germ-tube  which,  after  growing 

uftwafifjittB )*  °eU' h"  *e*in  matle  "* wt3  Phytopkthora  potato- 

disease  is  quite  distinct  from 
(a)  the  potato-blight  or  wet-rot  which,  according  to  Boehm,  is  the 
result  of  -closing  up  of  the  lenticels,  with  a  consequent  stoppage 
of  respiration ;  (ft)  bacteriosis,  which  will  be  considered  amongst 
the  bacterial  diseases  of  plants. 

Lager  heims  has  pointed  out  that  Solanum  murieatum 
much  cultivated  in  Ecuador  on  account  of  its  edible  fruit,  has 
been  for  many  years  subject  to  attack  from  Phytopkthora- 
infestaw ;   the    fruits   sicken  and   rot  off  before  ripening.      The 

1  This  is  a.  well-known  point  of  controversy,  for  an   interesting  discussion   of 
which  we  would  refer  to  "  Diseases  of  trops,"  Worth.  G.  Smith,  1884.     (Edit.) 
9  Boehm,  SOtngtbtr,  d.  Zool.-bolan.  Ga.,  Vienna,  1892. 
3  Rivista  1 
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i.  at— P^ltttAllitna  <nftjla«.  The  Putato  dlHue.  A,  PoUto  leaf  with 
'□  spot*  Hud  white  patchee  of  Fungi  on  Ihe  lower  tide.  B,  Oroiipa  of  conldio- 
•a  emerging  from  a  ilomji  clone  beJlde  a  hair  o(  the  potato  leaf.  C,  Conl  ;l  Li- 
sa end  tonidla,  much  enlanred.  D,  Leaf  of  potato  much  ihrlvellad  up  and 
m,  u  in  the  Inlcr  ilagee  of  the  dieeue.    (r.  Ti.houf  del.) 
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same  author  also  quotes  the  disease  on  Solanum  caripense 
at  Quito,  and  on  Petunia  hybrida  at  Upsala. 

The  potato  disease  is  above  all  an  associate  of  moist 
weather.  In  such  circumstances,  the  conidia  are  produced 
very  rapidly  and  the  zoospores  readily  distribute  themselves  in 
the  moist  soil.  There  is  thus  greater  risk  to  the  potato  crops 
on  wet  soils. 

For  wintering,  potatoes  as  healthy  as  possible  should  be  chosen. 
This  is  particularly  the  case  if  the  tubers  are  required  as  seed ; 
for  the  fungus-mycelium  spreads  from  the  tuber  into  the  shoot. 
Whole  tubers  are  less  liable  to  infection  than  those  cut  or 
broken.  Some  varieties  (e.g.  thick-skinned)  are  less  easily 
infected  than  others ;  such  should  be  selected  and  bred. 

As  a  preventive  measure  the  leaves  may  be  sprayed  with 
Bordeaux  mixture,  or  with  a  copper  carbonate  mixture.1  By 
these  means  conidia  and  zoospores  which  alight  on  the  plants 
are  killed  and  their  germination  prevented.  The  leaves  them- 
selves remain  uninjured  if  the  copper  compound  be  used  dilute 
enough.  These  compounds  may  even  be  beneficial  to  the  growth 
of  the  host-plant,  as  was  found  by  Runim2  for  the  vine,  and 
Frank  and  Kriiger3  for  the  potato. 

Frank  and  Kriiger  found  on  using  a  two  per  cent,  copper 
sulphate  and  lime  mixture,  in  which  the  copper  is  known  to  be 
the  potent  constituent,  that  the  potato  leaves  were  stronger,  their 
chlorophyll-contents  greater,  their  power  of  assimilation  and 
transpiration  was  increased,  the  life  of  the  leaf  was  lengthened, 
and  the  yield  and  starch-contents  of  the  tubers  were  increased. 
They  regard  the  effect  of  the  copper  on  the  leaf  as  the  result  of 
a  chemotaxic  stimulus. 

Jensen  recommends  disinfection  of  seed-potatoes  by  heating 
at  40°  C.  for  four  hours. 

Ph.  phaseoli,  Thaxter,  lives  in  young  bean-pods  and  causes 
them  to  shrivel  up.  The  fungus  is  as  yet  incompletely  known, 
having  only  been  observed  in  America  where  Thaxter  *  reports 
great  destruction  of  Lima  bean  {Phasadus  lunahts)  near  New 
Haven. 

1  See  alio  §  12.     Detailed  experiments  of  this  kind  are  frequently  described 
in  the  magazines  relating  to  agriculture.     (Edit.) 
*  Ber.  d.  deutsch.  botan.  Ges.,  1896,  p.  189. 
5  Her.   d.  dcuUch.  botan.  Qa.,   1894,  p.  S. 
'Thaxter,  Botanical  Gaxztte,  1889. 
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Cystopus    (Albugo). 

The  mycelium  is  branched  and  grows  between  the  cells  of 
living  plants,  obtaining  its  nourishment  by  means  of  haustoria. 
The  conidial  cushions  rupture  the  epidermis  of  the  host.  The 
conidia  or  sporangia  are  smooth-coated,  and  are  produced 
acropetally  in  chains  on  short  stalks  from  which  they  fall  off 
separately  when  ripe.     The   sporangia  germinate  and   discharge 


Qfttopui  candiiliu  on  pliuita  at  Capulla  ta™  paitoru.     The  fuiigu» 


iu.  33. — Cyttopvt  candiitut  on  pUnU  of  Capulta  tturta  jiatU 
cauwd  dlitortion  nod  thtckantng;  tho  white  pcrcolliinoiu 
■r  up  distinctly  on  the  dirk  background,    (v.  Tubeuf  phot.) 


swarming  spores  with  two  unequal  lateral  cilia.  The  egg-cells, 
produced  singly  in  each  oogonium,  are  fertilized  by  an  antheridiurn. 
The  thick-walled  oospores  remain  enclosed  in  the  intercellular 
spaces  of  the  host-tissue,  and  on  germinating  in  spring  discharge 
swarming  spores. 

Cystopns  Candidas  (Pers.)   Lev.   White   Rust.     This   fungus 
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is  very  frequent  on  wild   and  cultivated  C'ruciferae  throughout 
the  whole  world,  and  causes  deformation  of  shoot,  leaf,  and  flower. 


j  oiniJiif iu.    B,  Conldtophorw  tainted  from  th«  ciuhlon  ;  the 
la  are  united  by  lalennedlate  cell*.    C,  Sporangia  breaking  up 

innipurer  corao  to  rent  and  KermlnatiniT.     0,  Two  germ-tube* 


1    Radish  (Jtnnaaniu  « 

tUtul)  hj-p;rtrophiod   by    CfttG 

onlargnd  qiarv  standi  01 

lorf-Uko;  the  potato 

haiiu  downward! ;  the  Koala 

(Specimen    from    Bob 

Luteal    Hiueiim  of   Brlangen,  i 

photographed  by  Dr. 

linino.) 

The  conidial  cushions  form  thick  white  stripes  with  a  porcellaneous 
appearance,  by  which  they  are  easily  distinguished  from  the 
cushions  of  Peronospora  parasitica  often  present  on  the  same  plant. 
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Besides  conidia,  spherical  oospores  may  also  be  present ;  these 
are  generally  produced  on  the  stems  of  the  host-plant,  but  also 
on  flower-stalks  and  ovary-walls. 

The  spherical  conidia  arise  in  simple  chains  on  short  coni- 
diophores,  and  are  loosely  connected  by  tiny  intermediate  cells. 
The  conidia  1  cushions  rupture  the  epidermis  and  the  ripe  conidia 
fall  off  to  produce  biciliate  swarming  cells  (Fig.  34).  These 
give  rise  to  germ-tubes  which  enter  the  stomata  of  seedlings  and 


Brum'  phot.) 

develop  to  intercellular  mycelia,  tine  short  lateral  twigs  of 
which  pierce  the  wall  of  the  host-cells  and  become^  little 
spherical  haustoria. 

The  oogonia  arise  as  thick-walled  spherical  swellings  on  the 
mycelium.  The  antheridium,  after  applying  itself  to  the  oogonium, 
widens  and  projects  a  fine  fertilization-tube  through  the  wall  to 
the  egg-cell.  After  fertilization  is  effected,  the  egg-cell  is  enclosed 
in  a  firm  uneven  membrane,  and  hibernates  inside  the  oogonium. 
In  spring   the   plasma  of  the  oospore   forms   numerous   biciliate 
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swarm-spores  which  escape  from  the  enclosing  coats  and  germinate 

m^  on  seedling  plants. 

x9  {&*\  ^*e    ^ary  *    f°und     germ-tubes    of 

^|  ^LaS        Cystopus   entering  all   the  stomata  of 

Lepidium  sativum,  and  of  Capsella, 
but  they  only  developed  further  if 
the  part  attacked  were  the  cotyledons. 
Magnus2  observed  an  infection  of 
Bapkanus  Baphanistrttm  in  which  the 
unopened  buds  were  infected  by  swann- 
apores.  Oogonia  may  be  found  in  the 
flowers  of  this  same  plant,  whereas 
conidia  alone  only  are  present  in 
Capsella. 

White  rust  is  most  commonly 
observed  on  Capsella,  causing  slight 
local  swelling  or  marked 'hypertrophy. 
It  is  also  found  to  injure  radish 
(Bapkanus  sativum),  horse  radish 
(Cochlearia,  armoracia),  cress  (Lepidium 
sativum),  species  of  cabbage  and 
turnip  (Brassica  Napus,  B.  nigra,  B. 
Rapa,  B.  oleracea),  wall-tiower  (Cheir- 
anthus  Cheiri),  water  cress  (Nasturtium 
amphibium,  etc.),  caper-plant  (Capparis 
spinosa),  and  other  wild  and  culti- 
vated plants  belonging  to,  or  closely 
allied  to  the  Cruciferae. 

Wakker8  investigated  the  changes 
brought  about  on  a  number  of  Cruci- 

r  ferae  by  Oystopus,   Some  plants  showed 

little  or  no  deformation  or  anatomical 
alteration,  others  showed  much.    While 
the  anatomical  changes  in  the  various 
. "'  (ahS    species   examined   agreed  in  general, 
■"*""""■'  yet   aome   showed   a   predominant    or 

exclusive  formation  of  conidia,  others  of  oospores.     The  changes 

1  Morphology  and  Biology  of  the  Fungi.     English  Edition, 

*  Abhand.  d.  Iiolaa.    Vere'm*  d.  Prov.  Brandenburg,  xxxv. 

*  Pringtlitim's  Jahrimch,  1892. 
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observed  on  Capsella  may  be  summarized  here :  the  fungus 
attacks  all  parts  above  ground,  and  causes  enlargement  of 
parenchymatous  cells ;  it  forms  only 
conidia ;  formation  of  chlorophyll  ia 
increased;  the  formation  of  interfasci- 
cular cambium  is  diminished  or  altogether 
suppressed ;  the  intraf&BcicuIar  cambium 
retains  its  activity  longer ;  accessory 
vascular  bundles  make  their  appearance ;  ^f^J^S^TuSLr^^ 
no  differentiation  of  tissue  takes  place 

in    the   ovary    wall,   the    secondary   vessels   remain    incomplete, 
and  the  embryo  dries  up. 

C-  portulacae,  D.  C.  On  Portulaca  oUracea  and  P.  tativa  (U.  S.  America), 

C.  tragcpogonis,  Peru.'  (C  tpinulimit)  (Britain  and  U.  S.  America).  On 
Compositae,  e.g.  ChamomUla,  Achillea,  Ciriium,  Scononera,  etc  The  markings 
on  the  Bpore-coat  take  the  form  of  a  double  net-work. 

C.  coovolvulaceannn,  Otth.  (C  ipomoeae-pandnranae,  Far].).  On  Con- 
caleulaceae.  (Halsted ''  gives  this  as  one  of  the  causes  of  rot  in  sweet  potato 
in  America.) 

C.  bliti  (Biv.-Bern.).    On  species  of  Atnarantaceae  (U.  S.  America). 

C.  lepigoni,  de  Bary.   On  Spergularia  (Britain). 

Basidiophora. 

The  non-septate  mycelium  inhabits  intercellular  spaces  of 
living  plants,  and  is  nourished  by  smell  haustoria.  The  conidio- 
phores  issue  in  tufts  from  the  stomata,  and  have  a  characteristic 
form ;  they  are  unbranched  with  club-shaped  ends,  from  which 
arise  several  slerigina-like  conidiophores  with  almost  spherical 
conidia.  The  conidia  or  sporangia  are  produced  in  large  numbers, 
and  on  germination  discharge  numerous  zoospores  with  two 
lateral  cilia.  The  oospores  are  formed  singly  iu  the  oogonia,  and 
appear  as  yellowish-brown  bodies  in  the  interior  of  the  plant. 

Basidiophora  entospora,  Roze  and  Cornu.  On  Erigeron  eana- 
dense,  Anter,  Solidago,  etc.  (Britain  and  U.  S.  America). 

Plasmopara. 

The  mycelium  is  richly  branched  and  grows  intercellular, 
nourished  by  little  button-shaped  haustoria.     The  conidiophores 

1  Magnus,  Ber.  d.  dtvUxh.  hotan.  Get.,  1893. 
*ZaUchriJt/.  PJfanunh-ankhtitcn,  1895,  p.  338. 
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arise  in  tufts  from  the  stomata ;  they  are  branched  in  various 
ways,  and  from  each  branchlet  a  single  conidiuni  is  abjointed. 
The  contents  of  the  conidia  emerge  as  swarming  cells  with  two 
lateral  cilia,  or  as  vesicles  which  emit  a  germ-tube.  The  egg-cells 
occur  singly  in  each  oogonium,  and  are  fertilized  by  an  antheridium. 
The  oospores  remain  long  enclosed  in  the  thick-walled  oogonium. 


Plasmopara  nivea  (Unger).  (Britain  and  U.  S.  America). 
Inflicts  great  injury  on  various  wild  and  cultivated  TJmbelliferae, 
eg.  carrot  (Damua  Carota),  parsley  (Petroselinum  sativum),  chervil 
(Anthriscus  Cerefolwm). 

Plasmopara  viticola,  Berk.1     The  Downy  or  False  Mildew  of 

•Bibliography.  De  Bury,  Annal.  d.  sci.  not.,  1803.  Viala,  Dk  Pite  d. 
Wtinslockei ;  with  good  bibliography.  Prillieux,  Annal.  dt.  I'ituait.  not. 
agronomigite,   1881.      Cornu,   Lt   Ptronospora    dee    Vignt*,   Paria,    1882.     Sojo, 
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the  Vine.  This  parasite  was  iutroduced  into  Europe  from 
America,.1  It  makes  its  appearance  in  early  summer  as  white 
patches  on  the  under  surfaces  of  leaves,  sometimes  also  on  stalks 
and  fruit.  In  the  course  of  the  summer  the  leaves  show  brown 
spots  and  dry  up. 

The  white  patches  consist  of  tufts  of  branched  conidiophores, 
from  which    ovoid  conidia  are    abjointed,     These    on   germina- 


Fio.  40.— Ptaimopara  rilieola.    Conldlophorea,  much  enlarged.    («.  Tubeuf  deL) 

tion  in  rain-drops  discharge  six  to  eight  swarming  cells  from 
which  germ-tuhes  grow  into  the  epidermis  of  the  host-plant ; 
thus  the   disease  spreads  rapidly   during  moist  weather    and  a 

Ptronotpora  vilkola,  1890.  Magnus,  Wittmarfu  Garttrueit,  1883.  Scribner, 
Report  of  U.S.  Sept.  of  Agriculture  for  18S6,  pp.  96-105;  this  contains  on 
excellent  account  of  thin  mildew.  Articles  on  this  subject  dealing  with  remedial 
measures  are  frequently  published  in  the  U.S.  Amer.  Department  reports  and 
bulletins,  in  the  bulletins  from  experimental  stations,  and  in  the  horticultural 
journals. 

1  Seymour  and  Farlow  give  it  as  occuring  on  every  American  species  of  rift"* 
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wet  season  is  very  favourable  to  it.  The  mycelium  is  non- 
septate  mid  spreads  through  the  intercellular  spaces  of  the  host, 
nourished  by  button-like  haustoria  sunk  into  the  host-cells. 
The  antheridium  comes  into  contact  with  the  oogonium  by  a 
fertilization  tube,  which,  however,  remains  closed.  The  oospores 
hibernate  in  leaves  and  fruit. 

Prevention.1  Amnio  niacal  copper  carbonate  solution,  eau 
celeste,  or  Bordeaux  mixture,  prepared  as  described  on  p.  69, 
may  be  used.  The  first-named  solution  seems  least  liable  to 
injure  the  foliage;  the  others  must,  on  this  account,  be  used 
with  care.       The  first  application  is  made  about  the  time   the 


sreSlS!*" mycelium  with 


berries  are  well  formed,  and  the  sprayings  are  repeated  every 
twelve  to  fifteen  days,  or  oftener  if  there  are  heavy  rains,  till  the 
grapes  begin  to  colour.  It  must,  however,  be  remembered  that 
sprayings  of  this  kind  do  not  reach  the  mycelium  inside  the  leaf, 
but  only  act  superficially,  killing  any  developing  conidiophores 
or  conidia  which  may  alight  on  the  leaf.  These  fungicides  are, 
at  the  same  time,  remedies  for  powdery  mildew   (Uncinnla). 

"  Sulphuring"  as  a  remedy  for  this  and  the  powdery  mildew 
has  been  recommended  by  continental  writers.*  The  burning 
of  all  diseased  vine-leaves  is  strongly  recommended.  Attention 
also  should  be  given  to  the  cultivation  of  disease-proof  varieties.* 

PI.  pygmaea  (Unger).     On  Ranunculaceae  (Britain  and  U.S.  America). 
PL  pusilla  (De  Bary).    On  Geraniums. 

'Galloway,  "Fungous  diseases  of  the  grape  and  their  treatment,"  U.S. 
Dept.  ofAyric,  farmers'  liulletiit.  No.  4,  1881. 

'Oesterr.  Weinbaukongresa,  1H91.  Reported  in  Otit.  landwirth.  Wochtnblatl, 
x.,  1881. 

3MilUrdet  (see  Chap,  vi.) 
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PI.  viburni,  Feck.     On    Viburnum.  (U.S.  America). 

PL  densa  (Eabh.).     On  Scrophularineae  (Britain). 

PL  ribkola  (Schroet).     On  Ribet  rubrum  (U.S.  America). 

PL  epilobii  (Eabh.).     On  Epilobium  paliutre,  and  E.  parvifolittm. 

PL  obducens  (Schroet).     On  cotyledons  of  Impatient  (U.S.  America). 

PL  ECranii  (Peck.).     On  Geraniums  in  America. 

PL  Halstedii,  BerL  and  de  Toni.     On  SiCphium,  Rudbeckia;  ffelianthtu, 
nd  many  other  American  Compositae. 


Bclerospora. 

Mycelium  intercellular  in  living  plant-tissues,  and  deriving 
nourishment  by  means  of  haustoria.  The  conidiophores  are 
thick,  short,  and  divide  at  their  apices  into  short  broad  branches, 
from  each  of  which  a  single  conidium  is  abjointed.  The  conidia 
in  germinating  discharge  swarming  cells.  One  oospore  is  formed 
in  each  oogonium. 

Bclerospora  graminicola  (Sacc.)  lives  in  several  species  of 
Setaria  (U.S.  America). 


Mycelium  intercellular  in  higher  plants,  and  nourished  by 
little  button-like  haustoria.  The  conidiophores  are  branched, 
and  at  their  apical  ends 
become  swollen  in  a  char- 
acteristic manner,  so  as  to 
resemble  a  hand  held  cup- 
like with  the  fingers  project- 
ing separately  upwards,  like 
the  tentacles  of  Hydra.  The 
conidia  are  abjointed  singly 
from  the  tentacle-like  pro- 
cesses, and  germinate,  emit- 
ting a  germ-tube  through  a 
definite  thin  spot  in  their 
coat.  Oospores  originate 
singly   in   oogonia. 

Bremia    lactucae,    Reg. 
(Peronospora   ganglimiiformis 
Berk.1)  (Britain  and  U.S.  America).    The  richly-branched  conidio- 
phores appear  singly  on  attacked  parts  of  plants.     This  fungus 
'Conn,  Compl.  rtnd.,  1878. 


Tubeut  deL) 
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may  cause  considerable  damage  to  the  lettuce  (Zac&uca  sativa), 
this  being  especially  the  case  iu  France.  The  parasite  is  most 
dangerous  in  forcing-houses  during  winter  or  early  spring,  and 
spreads  rapidly,  favoured  by  the  damp  atmosphere.  The  young 
diseased  plants  are  stunted,  and  take  on  a  pale  colour.  Early 
removal  and  destruction  of  diseased  plants  is  to  be  recommended; 
also  abandonment  for  lettuce-cultivation  of  infected  houses  or 
frames. 

In    addition    to    lettuce,    this    fungus    attacks    a    number   of 
Conipositae,  e.g.  Cineraria,  Sonchus,  etc. 


The  mycelium  is  intercellular  in  living  plants.  The  haustoha 
may  be  simple,  button-shaped,  or  thread-like,  or  may  branch 
inside  the  host-cell.  The  long  and  much-branched  conidiophores 
produce  conidia  singly  at  the  ends  of  their  branches.  The 
conidia  produce  a  germ-tube.  The  oospores  are  brown-coated 
and  are  formed  singly  in  the  oogonia ;  they  germinate  in  spring. 

Peronospora  Schachtii,  Fuck.1  is  injurious  to  the  inner 
leaves  of  sugar  beet  and  mangold  {Beta  vulgaris),  while  young 
seedlings  are  killed  by  it  The  mycelium  hibernates  in  the 
roots ;   as  yet  oospores  have  not  been  found. 

P.  effuaa  (Grev.)  This  causes  injury  to  spinach  (Spinaria) 
oleracca)  and  other  Chenopodiaceae  (Britain  and  U.S.  America). 

P.  Schleideni,  Ung.  Kills  the  leaves  of  cultivated  and  wild 
species  of  onion  (Allium)  (Britain  and  U.S.  America). 

P.  dipaaci,  Tul.  Injures  stems  and  leaves  of  Dipsacus  Sylvester 
and  D.  Fullonum. 

P  knautiae,  Fuck.,  of  Khautia  and  Scabiosa,  is  probably  identi- 
cal with  last. 

P.  viciae  (Berk.)  (Britain  and  U.S.  America).  A  dangerous 
species  to  many  Papilionaceae  (especially  peas,  beans,  tares, 
lentils,  etc.),  often  causing  great  damage  to  field  crops.  Tn 
recent  years  the  new  fodder-plant  Lathyrus  sylvestris  has  been 
frequently  attacked.8 

P.  trifoliorum,  De  Barys  (Britain  and  U.S.  America).     Dis- 
tinguished from  the  preceding  form   by   its  irregularly   marked 
'Kuhn,  Solan.  Zeitung,  1873. 

1  Zritschrtft  f.   PflanzenJcran&lieiten,  II.,  p.  225  uul  283. 
'Smith,  Diaeajito  of  Crops,  London,   1S84. 
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oospore-coat  (oospores  of  P.  vwiae  have  a  coat  with  a  regular  net- 
work). It  occurs  on  stems,  leaves,  and  petioles  of  clovers,  lucerne 
and  other  Papilionaceae,  often  with  disastrous  effect. 

P.  sparsa,  Berk.  (Britain  and  U.S.  America).  This  parasite 
on  the  rose  was  first  observed  in  England.  It  injures  indoor 
roses,  causing  a  fall  of  the  leaf,  preceded  by  the  appearance  of 
lilac -coloured  spots  which,  on  the  underside  of  the  leaf,  are  closely 
beset  with  a  white  coating  of  conidiophores.1 


P.  arboreacens  (Berk.).  On  leaves  and  shoots  of  wild  and 
cultivated  poppies ;  especially  injurious  to  seedlings  of  garden 
species. 

P.  parasitica  (Pers.)  (Britain  and  U.S.  America).  This  pro- 
duces greater  or  less  deformation  of  attacked  stems  of  many  wild 
and  cultivated  Cruciferae.  Amongst  cultivated  plants  the  most 
liable  to  injury  are  the  varieties  of  turnips  and  cabbage,  radish, 
rape,  cress,  wallflower,  also  the  mignonette.  It  is  generally  found 
along  witli   Cyetopm  Candidas  on  shepherd's  purse  (Capsella). 

P.  cytisi,  Itostr.,*  attacks  seedlings  of  laburnum  in  Denmark, 
causing  death  in  a  few  days.     The  leaves  become  brown  spotted, 

1  ZtilKktifl  f.  P.-kranL,  II.,  p.  386,  (description  of  attack  in  Silesia.) 
'Roitrup,  Ztitathrifl  /.    PJtanzenkranklieiten,  1892. 
Magnus,  Htdicigia,  1892. 


db,  Google 


134  PHYCOMYCETKS. 

and  branched  conidiophores  with  light-brown  conidia  arise  from 
their  underside.  Numerous  oospores  may  be  found  in  the  leaves. 
Kirchner '  observed  the  disease  on  leaves  of  four-year-old  plants, 

yet  without  injurious  effects. 

The  following  are  other  British  or  American  species : 

Peronospora  ficariae,  Tul.    On  Ranunculus,  Ifyomnu,  etc. 

P.  corydalis,  De  By.     On  Corydalis  and  Dicentra. 

P.  violae,  De  By.    On  Viola  tricolor. 

P.  arenariae  var.  macrospora,  Farl.    On  Silene. 

P.  alsinearura,  Casp.    On  Ceraslium. 

P.  claytoniae,  Farl.     On  Claytonia, 

P.  lini,  Schroet.     On  Zinum. 

P.  potentillae,  De  By.     On  Bosaceae  e.g.  Geum,  Fragaria,  and  PotentiUa. 

P.  Arthuri,  Farl.     On  Oenothera. 


P.  leptosperma,  De  By.     On  Compositae  e.g.  Artemisia. 

P.  Candida,  Fuck.     On  Androsace  and  other  Primulaceae. 

P.  cynoglossi,  Burrill.     On   Cynoglosmm. 

P.  myosotidis,  De  By.     On  Myosotis  and  Echinospertnnm. 

P.  sordida,  Berk.     On  Kicotiana  and  Serophidaria. 

P.  hyoscyami,  D.  By.  On  Tobacco  in  America  and  Australia  (Oard. 
Ckron.  ix). 

P.  linariae,  Fckl.     On  Linarta. 

P.  grisett,  Ung.     On    Veronica. 

P.  lophanti,  Farl.    On  Lophanthut. 

P.  alta,  Fckl.    Ou  Plantago. 

P.  (Pbumopara)  cubensia  is  reported1  as  causing  an  extensive  and 
destructive  disease  of  cucumbers  (Cvctimis  and  Cucurbita). 

P.  (Plasmopara)  australis,  Speg.  On  Echinoeystis  lobata  and  Stcyos 
angulattu  in  America. 

1  Kirchner,  Zeitsehrift  /.  Pjtan&itLranlkeiten,  1892. 
5  Humphrey,  Itejxyrl  of  the  Mas*.  Agric.  Erper.  Stat.,  1890-92. 
Mossee,  Gardener's  Chronicle,  Vol.  XVII.,  p.  650,  1895. 
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P.  oxjbaphi,  Ell.  and  Kell.    On  various  Nyctaginaceae. 
P.  poljgoni,  Thiim.     On  Polygonum. 
P.  euphorbiae,  Fuck.    On  Euphorbia. 
P.  urticae  (Lib.).    On  Urticaceae. 
P.  elliptic*  causes  death  of  lilies.1 

B.     Higher  Fdhqi  (Micomtcetes). 

The  higher  fungi  are  distinguished  from  the  lower  in  possessing 
a  mycelium,  which,  from  the  first,  is  divided  by  means  of  cross- 
septa.  The  mycelium  of  the  lower  fungi,  though  often  much 
branched,  remains  unicellular  till  cross-septa  arise  on  formation  of 
reproductive  organs  or  in  the  older  stages  of  the  fungus.*  In 
higher  fungi,  septation  begins  with  the  first  appearance  of 
mycelium  and  extends  acropetally,  growth  in  length  proceeding 
from  the  terminal  cell.  Sexual  organs  are  without  doubt  present 
in  the  lower  fungi,  but  amongst  the  higher  forms,  Brefeld  believes 
that  the  sexual  act  no  longer  exists.  On  the  other  hand,  certain 
organs,  found  especially  in  the  lichens,  have  been  regarded  as 
sexual. 

Dangeard  regards  the  union  of  cell-nuclei  as  a  sexual  act, 
and  assumes  its  existence  in  the  asci  and  basidia  of  higher 
fungi.  His  more  recent  investigations  on  the  nuclei  of  fungi, 
combined  with  those  of  Pairault  and  Raciborski,  have  laid  the 
way  to  a  new  systematic  arrangement.3  Just  as  amongst  the 
lower  fungi  the  cell  produced  by  a  sexual  act  contains  a  nucleus 
derived  from  the  fusion  of  two  nuclei  of  distinct  origin,  so  amongst 
the  higher  fungi  one  also  finds  cell-nuclei  derived  from  copulation. 
The  investigations  of  Dangeard,  Bosen,  Wager,  Pairault,  and 
Raciborski,  lead  to  the  conclusion  that : *  "a  stage  may  be 
found  amongst  higher,  as  well  as  lower  fungi,  in  which  two 
cell-nuclei  of  one  cell  copulate.  The  cells  known  as  oospores 
of  the  Oomycetes,  zygospores  of  the  Arckimycetes  and  Zygomycetes, 
chlamydospores   of   the    UstUagineae,    and    teleutospores    of    the 

■Smith,  Ditto**  of  Lilitt,  1888. 

1 7,opf.  Die  Pilu,  1890  ;  and  Beitr&ge  z.  P/iyeiol.  u.  morphol.  nUdenr  Organismtn, 
Heft  in.,  1803. 

'Dangeard.  "  Reuherches  sur  la  reprod.  sexuell  d-  champignons "  Le 
Botanutt,  1893.  Pairault  and  Raciborski.  "Sur  les  noyau*  dea  Uredinees" 
Jour.  dr.  Botaniqut,  1895. 

'Raciborski.     Flora  {ergdni-ungiband),   1895,   p.   439.     Compare  also:    Strae- 
"UeberperiodischeKeduktiond.Chromosomenzahlini  Entwickelungsgang 
amen,"  Biol.  CerUralblall,  1894,  p.  862.     Wager.       "  Nuclear  division  in 
'yiiienomycetes,"  Annate  of  Botany,  1893,  p.  490. 
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Uredincae,  we  designate  amongst  the  Ascomycetes,  as  asci,  and 
amongst  the  Proiomycetes  and  Basidiomyixtes  as  baaidia.  This  cell, 
a  hoinologue  of  the  primary  embryo-cell  of  the  Archegoniatae 
and  Embryonatae,  indicates  a  turning-point  in  the  development, 
the  beginning  of  a  new  generation.  It  either  becomes  a  restii^g,- 
spore,  as  in  Phycomycetes,  Ustilagineae,  Uredinau  (exclusive  of 
Coleosporium  and  Chrysomyxa),  or  divides  at  once  to  form  free 
endospores  as  in  the  Ascomycetes,  and  exospores  in  the  Protomycetas 
and  Jiasidiomycetes.  From  these  facts  the  distinction  between 
basidiospores  and  conidia,  asci  and  sporangia,  telentosporea  and 
chlamydospores,  has  been  for  the  first  time  distinctly  proved." 

ASCOMYCETES. 

The  Ascomycetes  show  relationship  to  the  higher  fungi  in  the 
possession  of  a  septate  mycelium.  Their  spores  are  produced  in 
cylindrical  sacs  called  asci,  whence  the  name  Ascomycetes  is 
given  to  the  group. 

The  primary  nucleus  of  each  ascus  results  from  the  copulation 
of  two  nuclei  of  distinct  origin  and  with  no  relationship  to  each 
other.  From  the  division  of  this  nucleus  and  its  daughter- 
nuclei,  there  are  produced  a  number  of  free  endospores  varying 
according  to  the  species.  These  may  remain  unicellular  or,  by 
means  of  Bepta,  become  many-celled  bodies  from  each  of  whose 
individual  cells  germ-tubes  may  develop.  It  is  advisable  to  give 
the  name  spore  to  each  cell-group  which  develops  from  one 
nucleus.1 

Ascoapores  are  never  zoospores,  but  are  always  quiescent  and 
possess  a  cell-membrane.  They  are  generally  forcibly  expelled 
from  the  asci.  The  asci  originate  either  directly  from  the  my- 
celium, as  in  the  Saccharomyeetes  and  some  Exoasceae,'  or  a  part 
of  the  mycelium  becomes  differentiated  into  an  ascogenous  layer. 
The  ascogenous  layer  may  include  only  a  few  cells,  as  in  the 
lower  forms,  or  it  may  be  a  complex  tissue.  In  the  higher  forms 
the  aggregations  of  asci  are  enclosed  in  coverings,  but  the  asco- 
genous layer  takes  no  part  in  the  formation  of  the  enclosures 
nor  of  the  accessory  organs  known  as  paraphyses  and  periphyses. 

1  De  Bury  held  that  each  individual  cell  capable  of  germination  is  a  spore,  the 
single  mul ti- cellular  spores  he  designated  spondesmia. 

J  Hansen,  Centralbl.f.  Bacteridogie  und  Paratitenhinde,  1893. 
Sadebeck,  Dit  paratiliickai  Exoamxtn,  1893. 
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This  ascogenous  layer  has  been  Darned  the  ascogonium,  and  it 
was  at  one  time  generally  believed  that  it  arose  from  a  female 
cell,  the  homologue  of  the  oospore  of  lower  fungi ;  a  hypha 
which  applied  itself  to  the  ascogonium  was  regarded  as  a  male 
or  antheridial  organ,  and  called  a  pollinodium.  In  other  cases, 
a  thread-like  hypha,  which  proceeded  from  the  ascogonium,  waa 
called  a  trichogyne ;  it  wan  believed  to  be  fertilized  by  means 
of  certain  very  small  cells  (spermatia)  produced  in  special 
structures,  the  spermogonia.  These  spermatia,  though  known 
for  a  long  time,  have  only  recently  been  made  to  germinate,  and 
that  only  in  nutritive  solutions.  The  significance  of  the  pol- 
linodium as  a  male  organ  is  not  necessarily  wrong,  though  it 
may  be  a  functionless  structure,  such  as  we  already  know 
antheridia  of  many  of  the  Phycomycetes  to  be.  So  also  we  may 
still  consider  the  spermatia  as  sexual  bodies,  even  though  they 
germinate  like  spores,  for  their  never-failing  production  before 
aecidia  would  seem  to  suggest  some  relationship.  In  the 
following  pages  we  will  speak  of  these  little  spores,  sometimes  as 
spermatia,  sometimes  as  conidia. 

Reproduction  of  Ascomycetes  may  also  take  place  by  conidia 
and  chlamydospores,  capable  of  germination  to  form  mycelia. 

Amongst  the  Ascomycetes  one  finds  the  higher  stages  of  de- 
velopment accompanied  by  an  almost  complete  enclosure  of  the 
aggregations  of  asci.  The  asci  of  the  Saccbaromycetes  originate  at 
any  spot  whatever  between  the-  mycelial  threads ;  in  Gymnoascus 
one  finds  a  loose  web  of  mycelium  forming  a  covering  to  the  asci ; 
in  higher  forms  an  enclosure  (sporocarp)  of  definite  shape  ib 
developed.  On  this  account,  the  forms  which  do  not  produce 
sporocarps  are  classed  together  as  Gymnoasci,  the  sporocarpous 
forms  as  Carpoasci.  Amongst  the  latter,  the  sporocarp  of  the 
higher  forms  possesses  a  definite  opening  from  which  the  spores  are 
emitted  after  liberation  from  the  asci ;  certain  lower  forms  (Peri- 
sporiaceae)  have  indeed  sporocarps,  but  these  possess  no  opening, 
and  it  is  only  after  they  have  ruptured  or  decayed  that  the 
spores  are  set  free. 

A.     Gymnoasci. 
(Ascomycete*  without  Sporocarps.) 

The  asci  are  produced  over  the  whole  mycelium,  or  from  a 
special  ascogenous  part  of  it,  and  are  never  enclosed  in  a  sporo- 
carp. 
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The  genera  placed  in  the  Gymnoasci  are :  Dipodascus,  Ere- 
mascua,  Ascoidea,  Protomyees,  Taphrina,  Exoascus,  Magnusiella, 
Saceharomyees,  Mbnospora,  Endomyces,  Podocapsa,  Eremothecium, 
Oleina,  Bargellinia,  Ascodeamus,  Gymnoascns,  Clenomyces. 

Protomyees,  Taphrina,  Exoascus,  Magnusiella,  are  true  parasites 
of  higher  plants:  Endomyces,  Ascoidea,  and  Saceharomyces  occur  in 
the  flux  diseases  of  trees ;  the  others  are  saprophytes,  or 
parasites  on  fungi  (Podocapsa). 

Protomyees.' 

The  genus  Frotomyces  possesses  a  septate  mycelium,  and 
in  this  shows  relationship  with  the  higher  fungi.  It  is  also 
distinguished  by  the  formation  of  sporangia  (asci),  which  are 
produced  in  an  intercalary  manner  like  the  chlamydospores  of 
the  Ustilagineae.  Conidia  are  also  developed,  which  sprout 
yeast-like  and  conjugate  like  those  of  many  Ustilagineae. 
Thns  Protomyees  stands  in  one  direction  between  the  sporangi- 
ferons  lower  fungi  and  the  Ascomycetes,  and  in  another  between 
the  Ascomycetes  and  the  non-sporangiferous  Ustilagineae. 
Brefeld  allocates  them  with  the  Ascoidea  and  Theleboleae  to 
his  intermediate  group  the  Hemiasci.  De  Bary  {Comparative 
Morphology  of  the  Fungi)  agrees  with  Fisch  in  placing  them 
between  the  Chytridiaceae  and  Ustilagineae,  but  in  his  "Beitrdgcn" 
considers  them  as  the  simplest  forms  of  Ascomycetes. 

In  any  case  they  do  not  show  very  close  relationship  with 
any  group. 

Protomyees  macrosporns,  Ung.  (Britain).  This  parasite  lives 
by  means  of  an  intercellular  septate  mycelium  in  leaves  and  stems 
of  Unibelliferae,  especially  Aegopodium  Podagraria,  Chaerophyllum 
kirsvium,  fferaclatm  Sphondylium,  etc.  It  also  causes  injury  to 
cultivated  carrots. 

The  disease  shows  itself  externally  as  pustule-like  swellings 
on  the  organs  attacked.  These  are  caused,  as  shown  in  the 
figures,  by  a  mycelium  which  pierces  the  epidermis,  and,  after 

1  De  Bary,  Un&wauchungen  ub.  <l.  Brandpike  «.  <l.  durch  fie  verumachtm 
Kraidheiteu  d.   Pjtwzen.      Berlin,  1853. 

De  Bary  u.  Woronin,  Btitriigt  t  Morph.  u.  Phyriol.  d.  PUze,  I.  Bd.,  1864. 

Fiflch,  Btitriige  z.  Kenntniss  d.  Chytridiaaai,  1B84,  p.  41. 

Brefeld,  Utjipilie,  p.  178. 

B.  Meyer,  "  Uuterauchungen  ul>.  die  Entwickelung  einig.  parasit.  Pilze  bei 
aaprophyt.  Ernobrung;"    Inaugural  Dissertation,  18SS. 
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distributing  itself  through  the  intercellular  spaces,  stimulates  the 
parenchyma- cells  of  the  host  to  growth  and  cell-division.     The 


latter  is  a  secondary   process  and  consists  (see   Fig.    9)  in   the 
formation  of  exceedingly  delicate  membranes  inside  the  original 


,    Section  of  petiole  of  Aigopodi-um  with  two 
be  two  iwelUngt.    (t.  Tubeuf  doL) 


cells   of   the    parenchyma,    so    that    they    become   divided    into 
younger   cells  rich  in   protoplasm   and  each   showing  a  distinct 
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cell-nucleus.  This  tissue  bo  formed  may  be  compared  to  the 
nutritive  tissue  formed  secondarily  from  parenchyma  as  a  result 
of  other  fungoid  diseases,  e.g.  in  violas  attacked  by  XTrocystis 
violae.  If  the  formation  of  sporangia  ensues  in  parts  which 
would  normally  become  collenchyma,  the  tissues  there  remain 
thin-walled. 

The  sporangia  of  Protomyccs,  according  to  De  Bary,1  begin  to 
develop  as  soon  as  the  young  leaves  and  shoots  of  the  host- 
plants  emerge  above  the  ground  in  spring.     The  sporangia  first 


wdlih  iporuglj 


(v.  Tnbeuf  del.) 


appear  as  series  of  swellings  on  the  hyphae  and  are  easily 
detected  in  deformed  plants  as  large  thick-walled  bodies  lying 
in  the  intercellular  spaces.  They  are  liberated  on  decay  of  the 
host-plant,  and  in  spring  the  contents  swell  up  so  as  to  rupture 
the  thick  outer  wall,  and  the  endosporium  emerges  as  a  vesicle 
or  sporangium  into  which  the  protoplasmic  contents  pass  to 
form  numerous  rod-shaped  spores.  The  spores  are  ultimately 
expelled  with  considerable  force,  and,  after  conjugating  in  couples, 
they  send  forth  a  germ-tube  which  penetrates  again  into  the 
tissues  of  the  host-plant 

1  De  Bary,  Beitrilge  x.  Morph.  u.  PhgtM.  d.  Ptttt,  also  Boiaiv.  Ztitang,  1674. 
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Id  nutritive  solutions  germination  does  not  take  place  in  this 
way,  but  is  replaced  by  a  yeast-like  Bprouting  of  the  sporangial 
spores  without  disjunction  of  the  sprout-cells.1 

According  to  Meyer,  these  sprout-cells  produce  elongated 
hypha-like  cells  with  which,  however,  he  did  not  succeed  in 
infecting  a  new  host-plant  He  also  found  that  spore-conjuga- 
tion takes  place  better  in  water  than  in  nutritive  solutions. 

Pr.  fuacus,  Pk.,  occurs  on  Anemone  in  America. 

Pr.  pachydermus,  Thum.,  occurs  on  Compositae  esp.  Taraxacum. 

Pr.  radicicolns,  Zopf.'  A  form  similar  to  P.  macroaporus, 
but  furnished  with  coiled  haustoria.  It  lives  intercellular  in  roots 
and  kills  the  cellB,  without,  however,  causing  external  hypertrophy. 
Zopf  found  it  in  roots  of  Sti/tia.  Chrysantha  and  Achillea 
clypeolata.  in  the  botanic  garden  of  Halle,  but  the  plants  were 
not  killed,  because  their  roots  were  not  all  attacked.8 


Endomyces. 

The  asci  contain  four  spores  which  do  not  produce  conidia. 
The  sterile  hyphae  give  rise  to  chlamydospores  and  an  oidial 
form  of  spore. 

Endomyces  decipiens  lives  as  a  parasite  on  sporophores  of 
Agaricus  melleus. 

According  to  Ludwig,  species  of  Endomyces  have  much 
to  do  with  the  slime-flux  of  trees,  which  contain  in  addi- 
tion other  forms  of  Gymnoasci,  e.g.  Sacckaromyces  Ludwigii, 
Ascoidea  rubescens,  etc  We  shall  here  devote  some  space  to 
the  general  consideration  of  the  slime-flux  of  living  stems. 
This  phenomenon  remained  uninvestigated  until  Ludwig  took  it 
up  and  directed  attention  to  it.  He  found  several  species  of 
considerable  systematic  interest,  the  pathological  effects  of  which, 
however,  require  further  investigation, 

1  Brefeld,  Stkimmdpilu,  Heft  ix.,  1801. 

'  Zopf,  Zur  Ktnntnaz  d.  Infictiomhranleh.  mtdtrer  Thiert  it.  Pjfcrnan,  1888, 
'  Saccardo,  who  ranks  the  Protomycetes  along  with  the  Chytridiaeeae,  includes 
a  large  number  of  species.  Magnus  places  Protomyca  [?)  JiUoiMf,  Nieasl.  (  Ver- 
hand.  dtt  internal,  batan.  Kongrent  in  Genoa,  16B2)  in  the  neighbourhood  of 
the  Phy corny cetes  ;  it,  however,  possesses  a  septate  mycelium  and  styloapores 
which  are  enclosed  in  a  coat  so  that  they  recall  spores  of  the  Uredineae,  hence 
Magnus  named  it  Uredinopni  filicina  on  Pkr.gopterw  vulgaris.  This  species 
must  not  be  confused  with  the  species  of  Uretlo  occurring  on  Pheijopttris 
Dryopteris,   Cystopteria  fragilti,  and  Sioloptildrium  officinale. 
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The  Slime-  or  Mucilage-flux  of  Trees. 

This  is  a  very  common  phenomenon  in  our  avenues,  parks, 
and  forests.  It  can  be  observed  during  the  period  of  vegetation 
on  several  species  of  trees,  particularly  on  spots  wounded  by 
removal  of  branches,  by  frost  rupture,  or  by  some  other  cause. 
The  wound  may,  however,  be  so  grown  over  or  occluded  that 
at  first  sight  the  slime  appears  to  flow  from  the  uninjured 
bark.  These  slime-fluxes  are  very  common  on  dead  branch- 
snags  and  in  places  affected  with  sun-stroke  or  frost- wounds ; 
while  I  have  frequently  found  them  on  dead  tree-stools 
and  on  wooden  water-pipes  where  the  water  trickled  from 
some  fissure.  It  is  thus  probable  that  they  are  always 
produced  on  the  site  of  some  wound,  although  Ludwig, 
without  giving  any  details,  says  that  there  may  be  no  previous 
injury.  I  have  never  observed  any  case  where  a  tree  with  a 
slime-outflow  became  sickly  and  died,  and  the  cases  of  death 
recorded  by  Ludwig  are  probably  due  to  some  other  cause. 
Ludwig,  however,  says  decidedly  that  the  white  slime-flux  on  oak, 
as  well  as  the  brown  flux  of  apple,  horse-chestnut,  and 
others,  are  really  parasitic  phenomena,  I  must  say,  however, 
that  I  have  carefully  examined  the  occluding  tissues  on  frost- 
cracks  showing  slime-flux,  and  found  them  quite  healthy. 

The  white  slime-flux  of  the  oak.1 
According  to  Ludwig,  the  white  slime-flux  of  the  oak  and 
other  species  of  trees  takes  place  during  moist  weather,  and 
from  June  to  September.  It  flows  from  branch-scars,  former 
frost-ruptures,  and  other  wounded  places ;  also  from  apparently 
uninjured  bark.  Ludwig  believes  that  such  wounds  are  infected 
by  the  agency  of  insects,  particularly  hornets ;  that  the  disease 
spreads  through  the  bark  and  breaks  out  in  various  places.  On 
such  spots  the  edges  of  the  wound  are  alternately  occluded 
and  killed  again,  so  that  a  flux-wound  may  come  in  course  of 
time  to  resemble  a  "canker-spot."  Large  areas  of  the  bark  die  off, 
and  the  death  of  the  wood  frequently  follows. 

'Ludwig  :  (1)  "Ueber  Alkoholgiihrung  u.  Schleimfluss  lebender  Baume  n.  dtsren 
Urheber.  Btr.  d.  deutacli  botan.  Ota.,  1886.  {2J  "  Ueber  profuse  UommoBe  d. 
Eichen  u.  weiter.  Mitth.  lib.  Alkoholgahrung  u.  Schleimfluss  lebender  Baume." 
Centrbt-f.  Bait.  v.  Paraiittnhuule,  1890.  (3)  Lehrbuch,  1892.  (4)  Font.-wUur- 
tcitm.  Ztitichr.,  August,   1894. 
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The  slime-flux  is  the  product  of  an  alcoholic  fermentation  and 
has  at  first  a  distinct  odour  of  beer.  The  fermentation  produces 
a  transparent  foam  in  which  are  found  Endomyces  Magnimi 
(Ludw.)  and  a  yeast,  Saccharomyces  Lvdwigii  (Hansen);  this  latter, 
Ludwig  regards  as  a  stage  of  the  Endomyces.  Later  a  gelatinous 
slime  is  developed  in  the  foam  from  the  presence  of  Zeuconostoc 
Lagerheimii  (Ludw.)  Since  this  latter  plant  does  not  appear 
in  the  early  stages  of  the  disease,  it  cannot  be  the  cause,  and 
Ludwig  says  that  the  alcoholic  fermentation  due  to  the  Endomyces 
always  appears  first ;  this  conclusion  requires  confirmation. 

The  milky  outflow  of  tree*.1 
Towards  the  end  of  winter  and  in  spring  a  white  foamy  slime 
flows    from   freshly    cut    birches    or    hornbeams.     According   to 
Ludwig,  this  is  due  to  Endomyces  vcrnolis  (Ludw.) 

Red  sliiae  fliix.1 
Ludwig    found  on  the  cut  twigs  of  hornbeam,  a  red  fungus 
which  he  called  Rkodomyces  dendroporthes.    This  may  occur  alone 
or  along  with  the  white  flux,  which  it  colours  red. 

Brown  sUme-ftnx.1 

This  is  found  on  apple-trees,  elms,  birch,  horse-chestnut, 
poplar,  oak,  etc,  from  spring  till  winter.  The  slime,  Ludwig 
says,  is  developed  in  the  wood,  and  breaks  through,  causing 
the  bark  to  decay.  The  wood  is  destroyed  and  smells  of  butyric 
acid.  The  slime  contains  micrococci  {Micrococcus  dendroportkes, 
Ludw.)  and  a  form  of  Torvla  {T.  monilioides). 

In  Thuringia,  many  avenue-trees  (e.g.  chestnuts,  apples,  and 
birch),  are  reported  to  have  been  killed  from  this  cause.  That 
the  disease  was  really  the  result  of  a  Bacterium,  and  that  death 
was  due  to  this  slime-flux,  has  yet  to  be  proved,  as  Ludwig 
himself  states. 


Ludwig  considers  briefly   some   forms    he   found   in   a  black 
slime-flux  observed  by  him  on  beeches. 

1  Ludwig,  Lehrbuch  der  nietf.  Kryptogamen,   1892. 

*  Ludwig,  Ctntraibt.  /.  Bala.  «.  ParwiUniumU,  1688. 
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Chocolate-brown  slime -flux.1 


A  slime-flux  of  thiB  colour  appears  on  the  stumps,  of  felled 
beeches  ;  it  contains  numerous  forms  of  Oidium,  and  later  Ascobolus 
Constantini  (Roll)  is  developed  in  large  quantity.* 

THE  PARASITIC  EXOASCEAE." 
In  this  family  are  included  the  genera  Exoascus,  Magnmidla, 
and  Taphrina.  The  asci  of  most  of  the  known  species  are 
produced  from  a  mycelium  which  lives  under  the  cuticle  of  the 
host-leaf,  in  a  few  (e.g.  MagnvMella  float),  the  mycelial 
hyphae  are  developed  between  the  cells  of  the  epidermis, 
while  in  others  (e.g.  M.  potentUlae),  the  mycelium  permeates 
the  whole  leaf-tissue  and  the  asci  arise  from  hyphae  situated 
under  the  epidermis,  T.  Zaurencia  and  a  few  others  have  an 
intracellular  mycelium,  and  produce  asci  inside  the  epidermal 
cells.  A  number  of  species  are  known  to  possess  a  perennating 
mycelium,  in  the  remainder  the  hyphae  are  wholly  used  up  in 
the  formation  of  asci. 

The  ascospores  produce  conidia  before  leaving  the  asci,  which 
are  therefore  frequently  found  filled  with  minute  conidia  instead 
of  the  usual  ascospores.  In  nutritive  solutions  the  conidia  sprout 
yeast-like  ;  on  a  host-plant,  they  give  rise  to  a  hypha  which 
penetrates  the  cuticle. 

'Ludwig,  "Kin  neuer  Pikfluss  d.  Waldbaume,"  Forst. -naturiHi'.  Ztitxchrift , 
1603,  and  1894. 

'  Krliger  has  found  various  micro- organisms,  including  a  fungus  (Prototheca) 
and  several  algae,  in  the  slime-flux  of  broad-leaved  trees.  (Zopf,  Beitr.  %. 
Physiol,  u.  Morph.  nied.  Orgamtmm,  1894.) 

'Sadebeck;  (I)  UnUrmch.  ub.  die  PUzgaUung  Rrocuau,  1884.  (2)  KntUche 
VrOenvch.  iib.  die  dureh  Taphrina- A  rten  hervorgtbraehttn  Baumkrankheitcn, 
1890.  (3)  Die  paratitinchen  Kxoaieeen,  1893.  (4)  "  Einige  neue  Beobachtungen  u. 
kritiache  Bemerkungen  Ub.  die.  Exoasceae,"  Ber.  d.  dtvtteh.  bottm.  Get.,  1895. 

Johanaon:  (1)  Sludier  6/ver  SvatnpdHijU  Taphrina,  1887.  (2)  Om  Stamp- 
eldglet  Taphrina  och  dithorande  Svensha  arler,  188B.| 

Bostrup,  Taphrinaceae  Daniae,  1890. 

De  Ba-ry,  Beitrage  z.  Morph.   «.  Physiol,  d.  Pilze,  1864-1870. 

Giesenbagen,  "  Die  Entwickelungaroihcn  tier  paraaitiachon  Exoasceen."  Flora. 
ETfjanzv.itgsha.nd,  1895.     With  numerous  figures  from  microscopic  sections. 

Atkinson,  "  Leaf-curl  and  plum-poeketa.  A  contribution  to  the  knowledge  of 
the  pruuicoloun  Exoaaceae  of  the  United  States.  Cornell  Univ.  Agric,  Exp, 
Station,  Bulletin  73,  1894.     With  numerous  illustrations. 

Patterson,  "A  study  of  N.  America  parasitic  Exoaaceae."  Bulletin  of  the 
Lab.  not.  hist.,   Univ.  of  loma,  1895. 

Smith,  "  Unterauch.  der  Morph.  u.  Anatomie  der  durch  Exoasceen  verursachten 
Daformationeii. "  FomL-naturicist.  Zeiltckrifl,  Munich,  1894  ;  Italian,  translation 
by  Berlese,  Jiieieta  di  Patologia,  1895. 
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The  presence  of  a  perennating  mycelium  ia  the  cause  of 
»nany  so-called  "  witches'  brooms "  on  woody  plants.  In  fact, 
the  majority  of  the  structures  known  by  that  name  are  caused 
by  species  of  Exoascus,  though  these  of  barberry,  silver  fir, 
acacia,  and  buckthorn,  are  due  to  Uredineae,  and  others  are 
ascribed  to  mites  (Pkyt&ptus). 

"Witches'  Brooms"  (Hexenbesen)  are  bushy  growths,  which 
remind  one  at  first  sight  of  stranger-plants  growing,  like 
mistletoe,  on  the  branches  of  other  plants.  They  generally 
originate  from  a  bud  which  has  been  infected  during  the  previous 
summer,  either  directly  or  through  its  subtending  leaf.  This  bud 
produces  a  twig  capable  of  abnormally  increased  growth,  most  of 
its  sleeping  buds  are  developed  into  branches,  and  the  whole 
system  shows  marked  negative  geotropism.  (See  Fig.  3).  The 
spores  of  the  fungus  are  produced  on  the  leaves  of  the  broom. 

The  characteristic  features  of  a  witches'  broom  are :  that, 
without  regard  to  the  direction  of  the  branch  on  which  it  is 
borne,  it  is  negatively  geotropic  in  a  marked  degree,  and 
endeavours  to  develop  like  a  terminal  leader  shoot ;  that  the 
point  of  infection  is  distinctly  conspicuous  as  the  starting  point 
jjf  the  broom.  Sadebeck  regards  any  twig-hypertrophy  as  a 
witches'  broom,  even  that  of  Exoascus  Tosquinetii  where  there 
is  no  basal  swelling  and  the  twigs  exhibit  only  very  slight 
negative  geotropism. 

The  forms  of  witches'  brooms  are  very  varied.  Amongst 
the  best  known  are  the  hanging  broom-like  masses  developed 
from  buds  of  the  leader  shoots  (e.g.  on  cherry  trees).  As  a 
result  of  the  rich  growth  of  twigs  and  their  premature  death, 
many  of  these  brooms  become  tangled  nest-like  structures.  The 
twigs  in  some  are  much  elongated,  in  others  shortened,  in 
every  case,  however,  they  are  abnormally  numerous.  As  a  rule 
the  original  leader  shoot,  on  which  some  lateral  bud  has  developed 
into  a  witches'  broom,  shrivels  up  and  dies,  its  contents  being, 
as  it  were,  absorbed  by  the  hypertrophied  branches.  Other 
general  features  have  already  been  discussed  in  Part  1.  of 
this  book. 

Smith1  found  that  the  form  of  the  witches'  broom  is  not 
determined  exclusively  by  the  fungus.  The  perennating  my- 
celium indeed    gives  the  first   impetus    towards   its  formation, 

■Smith,  loc.  tit. 
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but  it  is  completed  by  the  weight  of  the  broom  itself,  the 
excessive  development  of  sleeping  buds,  and  the  premature 
death  of  twigs.  Smith  also  investigated  the  anatomical  changes 
occuring  in  witches'  brooms  due  to  Exoasceae.  From  his 
resumd  we  select  the  following :  "  In  a  witches'  broom  the 
increased  thickness  of  the  twigs  and  branches  is  due  to  a 
proportionally  greater  increase  in  the  bark  than  in  the  wood, 
the  hypoderm,  especially,  having  its  cells  more  numerous  and 
larger,  while  their  normal  arrangement  in  longitudinal  rows- 
is  lost.  The  cork-cells  are  enlarged  and  retain  their  plasma- 
content  longer.  The  phelloderm  is  better  developed.  In  the 
sclerenchyma-ring,  the  primary  bundles  of  bast-fibres  are  smaller 
and  further  apart  from  each  other,  or  they  may  be  quite 
absent ;  the  bast-fibres  are  shorter  and  have  thinner  walls ; 
sclerenchymatous  cells  are  more  numerous,  larger,  and  have 
thinner  walls.  The  phloem  is  increased  chiefly  through  enlarge- 
ment and  increase  in  number  of  its  medullary  rays;  phloem 
crystal-deposits  tend  to  be  multiplied.  In  the  wood,  the  parte 
most  enlarged  are  the  pith  and  medullary  rays  ;  tracheae  are 
more  numerous,  but  their  component  elements  are  shorter ;  the 
wood-fibres  have  thinner  walls,  wider  lumiua,  and  are  often 
chambered ;  the  normal  course  of  the  long  elements  is  much 
disturbed  by  the  greatly  enlarged  medullary  rays. 

Sadebeck  has  recently  divided  the  parasitic  Exoasceae  into 
these  genera :  (a)  Magnv-siella,  with  asci  isolated  on  the  ends 
of  mycelial  threads  which  lie  between  the  epidermal  cells  ;  in 
the  other  genera  the  asci  arise  from  a  subcuticular  hymeuium  ; 
(b)  Taphrina,  without  a  perennating  mycelium ;  (c)  Exoascvs, 
with  a  perennating  mycelium ;  (d)  Tapkrinopsis  may  be  taken 
as  another  genus.  Asamyces  he  does  not  reckon  with  the 
Exoasceae. 

Brefeld  divided  the  family  into  Etxxuciw,  with  eight  spores  in  the  ascua, 
and  Taphrina,  with  four-spored  asci.  Sadebeck  shows,  however,  that 
eight  is  the  normal  number  of  spores  in  all  the  species,  and  that  variation 
therefrom  is  frequent,  four  or  more  spores  or  numerous  conidia  being 
formed. 

Schroeter  separates  the  genus  MagnutieUa,  as  Sadebeck  has  done,  then 
divides  the  remainder  into  Exoatmu  with  eight-spored  asci  at  time  of 
maturity,  while  those  with  mauy-spored  asci  are  placed  under  Tatthrict 
(the  older  name  given  to  Taphrina) 
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According  to  Sadebeck,  the  Exoasceae  niay  be  divided  as 
follows  : 

Exoucm 

The  mycelium  perennates  in  the  tissues  of  twig  or  bud.  The 
subcuticular  mycelium  is  developed  from  the  perennating  one,  and 
becomes  completely  divided  up,  without  any  differentiation,  into 
sscogenous  pieces.  The  species  are  all  parasites  and  produce 
hypertrophy   of  leaves,    flowers,   and   shoots. 

a.  The  mycelium  perennates  in  the  inner  tissues  of  the 
shoot.  Thence,  in  the  next  vegetative  period,  it  sends  brandies 
into  the  leaves  in  process  of  development,  at  first  into  the 
inner  tissues,  but  later  subcuticular  for  the  formation  of  re- 
productive  parts   of  the   fungus. 

(1)  Asci  developed  in  the  carpels,  which  in  consequence 
become  hypertropbied ;  asci  with  a  stalk-cell :  E.  pruni 
Fuck.  E.  Bostrupianus  Sad.  E.  communis  Sad.  E. 
Earlowii  Sad.  E.  rhmpes  Atk.  JS.  longipes  Atk.  E. 
confusus  Atk.     E.  cecidomophUus  Atk. 

(2)  Asci  developed  only  in  the  foliage  leaves. 

(a)  Asci  with  stalk-cell :  E.  insitiiiae  Sad.  E.  cerasi 
(Fuck.).  E.  nanus  (Jon.).  E.  deformans  (Berk.)  E. 
decipiens  Atk.     E.  acerinus  Eliass. 

(6)  Asci  without  stalk -cell:  E.  purpurascens  (Ell.  and 
Ever.).     E,  aesculi  (Ell.  and  Ever.). 

(3)  Asci  developed  on  leaves  and  fruits. 

(a)  Asci   with   stalk-cell :    E.   mirabilis   Atk. 

b.  The  mycelium  perennates  in  the  buds  of  host-plants 
and  issues  thence  in  the  next  vegetative  period  to  develop  in 
young  leaves,  subcuticular  only. 

(1)  Asci  only  on  the  foliage  leaves. 

(a)  Asci  with  a  stalk-cell:  R.  crataegi  (Fuck.).  E.  minor 
Sad.  E  Tosquinetii  (West.)  E.  epiphyllus  Sad.  E. 
turgidus  Sad.     K  betulimts  (EoBtr.).     E.  alpinus  (Joh.). 

(o)  Asct  without  a  stalk-cell :  E.  carpini  Bostr.  E.  bacteri- 
ospermus  (Joh.).     E.  Kruchii  VuilL 

(2)  Asci  on  carpels ;  without  stalk-cell :  E.  alni  incanae 
Kiihn.     E.   Jokansonii   Sad.     E.  rkizophorus   (Joh.). 

(3)  Mycelium  grows  intercellularly.    R.  cornu  cervi  Giesh. 
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Taphrina. 

The  whole  mycelium  is  subcuticular  and  differentiated  into 
one  portion,  which  remains  sterile,  and  into  an  ascogenous  part. 
Perennation  of  the  mycelium  does  not  occur.  The  species  pro- 
duce spots  or  hypertrophy  on  leaves  or  carpels. 

a.  The  fertile  hyphae  are  completely  used  up  in  the  for- 
mation of  the  asci. 

(1)  Asci    with   a  stalk-cell :     T.  bullata    (Berk,   and    Br.). 

T.  ostryae  Mass.  T.  Sadebeckvi  Joh.  T.  aarea 
(Pers.)   (may  also   occur   without   a   stalk-cell). 

(2)  Asci     without    a     stalk-cell :     T.    filicina     Rostr.      T. 

polyspora  (Sorok.).  T.  cornea  Joh.  T.  coerukscens 
(Mont,  and  Desm,).  T.  virginica  Seym,  and  Sad. 
T.  externa    (Peck.). 

b.  The  fertile  hyphae  are  not  completely  used  up ;  asci  with 
a  stalk-cell :    T.  batnlae  (Fuck.).   T.  ulmi  (Fuck.).  T.  celtis  Sad. 

TaphrinopsiB. 

Mycelium  and  hymenium  developed  only  inside  the  epidermal 

cells.      T.   Lanrcncia  Giesh. 

Magmuiella. 

The  mycelium  inhabits  the  inner  tissues  of  living  plants  and 
is  always  parasitic  Asci  are  formed  at  the  extremities  of 
branches  of  the  mycelium,  either  between  the  epidermal  cells 
or  between  cells  of  the  inner  tissues.  The  asci  contain  more 
than  four  spores,  which  generally  produce  conidia  inside  the 
ascus.  The  species  generally  cause  leaf-spots,  more  rarely  they 
appear  on  stems. 

(a)  Asci  without  a  stalk-cell :  M.  potentUlae  (FarL).  M.  hU- 
fscens  (Rostr.).  M.  fiava  (Farl.).  M.  githaginis  (Rostr.).  M. 
umbelli/erarum.  (Rostr.). 

(6)  Asci  with  a  stalk-cell :  M.  fasekulata  Lag.  et  Sad. 

Giesenhagen  (loc.  tit.)  comes  to  the  conclusion  that  the  species 
of  the  parasitic  Exoasceae  have  developed  from  a  common 
ancestor  simultaneously  with  the  species  of  the  higher  plants 
inhabited  by  them,  and  that  the  development  of  host  and  parasite 
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has  progressed  side  by  side.  He  shows  that  Exoasceae,  living 
on  related  hosts,  agree  so  closely  in  their  ascogenous  forms, 
that  it  is  evident  they  are  generically  related  species.  On  this 
ground  he  sets  up  a  genus  containing  many  species,  and  names 
it  Taphrina.  According  to  the  host-plants,  this  genus  is 
divided  into  four  stems,  and  from  it  twenty-five  species  are 
separated  off  as  the  genus  Magnueiella.  Giesenhagen's  systematic 
division,  gives  a  synopsis  of  the  host-plants  and  their  distri- 
bution as  follows : 

I.  Genus.     Taphrina :  asci  club-shaped  to  cylindrical. 
a.  FUices-etem,  on  Ferns :  asci  slender,  club-shaped;  tapering  to 
both  ends,  rounded  apex,  greatest  breadth  in  the  upper  quarter 
of  the  ascus. 

T.  eornu  cervi  (Giesh.)  on   Aspidium  aristatnm  in  East 

Indies  and  Polynesia. 
T.  filidna  (Rostr.)   on    Aspidium    spinutosum    in    Scan- 
dinavia and  Balkan-peninsula. 
T.  Zaurencia  (Giesh.)  on  Ptcris  quadriaurUa  in  Ceylon. 
T.  fascicvlata   (Lag.  et   Sad.)   on   Nephrodium   in    South 

America. 
T.  lutescem  (Rostr.)  on  Aspidium  Tkdypteris  in  Denmark. 
B.  ife(«Ax-steni   on   Juliftorae :    asci   plump;    cylindrical,    with 
rounded  apex  or  even  a  slight  depression  there. 

(1)  On   l/tmaceae:    T.  ulmi  (Johan.)  on  Ulmus  montana   and 

U.  campesiris  in  Central  Europe  and  North  America. 
T.  celtis   (Sad.)  on   Cvltis   australis  in   North   Italy   and 
Switzerland. 

(2)  On  Betulaceae. 
(a)  On  Betula : 

T.  alpina  (Johftn.)  on  B.  nana  in  Scandinavia. 

T.  nana  (Johan.)  on  B.  nana  in  Scandinavia. 

T.  betulae  (Johan.)  on  B.  verrucosa,  B.  pubescens,  and   B. 

tvrkestanica  in  Central  Europe. 
T.  betulina   (RoBtr.)  on   B.  pubescent,  and  B.  odorata  in 

Germany,  Denmark,  and  Scandinavia. 
T.  camea  (Johan.)  on  B.  odorata,  B.  pubescens,  B.  nana, 

B.  intermedia  in  Scandinavia,  Tyrol,  and  Silesia. 
T.  baeieriospermum  (Johan.)  on  B.  nana  in  Scandinavia 

and  Greenland. 
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T.  Jlava  (Farl.)  on   B.   populifera   and   B.  papyracea  in 

North  America. 
T.  turgida  (Sad.)  on  B.  verrucosa  in  Germany  and  Tyrol, 
(ft)  On  Alnus: 

T.  epiphylla  (Sad.)  on  A.  incana  in  Europe. 

T.  Sadebeckii  (Johan.)  on  A.  glutinosa  in  Europe. 

T.  Bobinsoniana  (Giesh.)  on  A.  incana  in  U.S.  America. 

T.   Tosquinctii  (Magn.)  on  A.  glutinosa  in  Europe. 

T.  alni  incanae  (Magn.)  on  A.  incana  in  Europe. 

(T.  alnt  glutinosae  (Tubeuf)   on    A,   glutinosa   in   Italy, 

Sweden,  and  Denmark.) 
(c)  On   Cupuliferae : 

T.  ostryae   (Mass.)  on  Ostrya  carpinifolia   in  Tyrol,  and 

Italy. 
T.  virginica  (Sey.  et  Sad.)  on  Ostrya.  virginica  in  North 

America. 
T.  carpini  (Kostr.)  on  Carpinus  Betulvs  in  Europe. 
T.  australis   (Atk.)    on    Carpinus    americana    in    North 

America. 
T.  Kruekii  (Vuill.)  on  Quercus  Ilex  in  Italy  and  France. 
T.  coernlcscens   (TuL)   on    Querents   sessiliflora,    Q.  pedun- 

culata,    Q.    pubescent,    Q.    alba,    etc.,    in    Europe    and 

America. 
(<f)  On  Salicaceae: 

T.  aurea  (Fries.)  on  Populus  nigra,  P.  pyramidalis  and 

P.  monilifera  in  Europe  and  North  America. 
T.  Johansonii  (Sad.)  on  Papains  tremula,  P.  tremuloides, 

and  P.  grandidentata  in  Europe  and  North  America. 
T.  rhnophora  (Johan.)  on  Populus  alba  in  Europe, 
c.  Prunus-Btem  on  Bosaceae :  asci  Blender  and  clirb  shaped. 

(a)  On  Pomaccae: 

T.  crataegi  (Sad.)  on   Crataegus  Oxycantha  in  Europe. 
7".  bttllata  (TuL)  on  Pyrus  communis  and  Cydonia  japtmica. 
in  Europe. 

(b)  On  Pruneae : 

T.  deformans  (TuL)  on  Persica  vulgaris  and  Amygdalus 
communis  in  Europe  and  North  America. 

T.  minor  (Sad.)  on  Prunus  Chamacccrasus  near  Hamburg 
and  Munich. 
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T.  insititiae  (Johan.)  on  Prunus  InsUitia  and  P.  domestica, 

in  Europe,  and  P.  pennsylvanica  in  North  America. 
T.    decipiens    (Atk.)    on    Prunus    americana    in     North 

America. 
T.  ccrasi  (Sad.)  on  Prunus  Cerasus  and  P.  Chamaeceraxus, 

in  Europe,  and  P.  avium  in  North  America 
T,  pruni  (Tul.)  on  Prunus  domestica   and  P.  Padus  in 

Europe  and  North  America. 
T.  mirabilis  (Atk.)  on  Prunus  anguslifolia,  P.  hortulana 

and   P.  americana  in  North  America. 
T.  Farlouni  (Sad.)  on  Prunus  serotina  in  North  America. 
T.    con/urn    (Atk.)    on    Prumis    virginiana    in    North 

America. 
T  Rostrupiana  (Sad.)  on  Prunus  spinosa  in  Europe. 
T.  communis  (Sad.)  on  Prunus  maritima,  P.  pumila,  P. 

<tmericana  and  P.  nigra  in  North  America. 
T.  longipes  (Atk.)  on  Prunus  americana  in  North  America. 
T.   rkizipes  (Atk.)  on  Prumis  triflora  in  North  America. 
(c)   On  PoteiUillcae : 

T,  }>otentillae  (Johan.)  on  P.  sulvestrix,  P.  canadensis,  and 

P.  gcoides  in  Europe  and  North  America. 

d.  Aesculus-atem  on  Bucyclieoe:  asci  plump,  cylindrical,  with 
flat  or  rounded  apex. 

(«)   On   Stqiindoceoc : 

T.    aesculi   (Ell.    et    Ever.)    on    Aesculut    mlifornica    in 
California. 
(6)  On  Anacardiaccae : 

T.  purparaecens  (Robins.)   on  Rhus   cojmllina    in    North 
America, 
(c)  On  Acerineae : 

T.  acerieola  (Mass.)  on  A.  campeslre  and  A.  Pseudoplatanus 

in  Italy. 
T.  accrina  (Eliaas.)  on  A.  platanoides  in  Sweden. 
T.  polgspora  (Johan.)  on  A.  tartaricum  in  Europe. 

II.  Genua,     Magnnaiella:  asci  ovoid  or  spheroidal. 

M.  gWiaginis  (Sad.)  on  Agrostemma  Githago  in  Denmark. 

M.    umbelli/crarum    (Sad.)    on    Heracleum    Sphondylium, 

Peucedanum  palustre,  and  P.  Oreo&elinum  in  Europe. 
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The  Exoasceae  may  be  grouped,  according  to  the  symptoms- 
of  the  disease  produced,  as  .follows ;  for  this  purpose  we  shall 
class  all  the  species  as  one  genus,  '  Exoascus '  (or  Tapkrina) : 

I.  Species  which  cause  deformation  of  the  ovary  or  other  part 
of  the  fruit. 

E.  pruni  (Fuck.)  on  Prunus  domestica,  P.  Padus,  P.  vir- 
giniana. 

E.  Eostrupianus  (Sad.)  on  Prunus  spinosa. 

E.  communis  (Sad.)  on  Prunus  pumilla,  P.  maritima,  P. 
nigra,  P.  avtericana. 

E.  Farlowii  (Sad.)  (E.  varius,  Atk.)  on  Prumts  serotinar 
causing  also  deformation  of  twigs. 

E.  longipes  (Atk.)  on  Prumts  americana. 

E.  confuAus  (Atk.)  on  Prumts  virginiana. 

E.  rkizipes  (Atk.)  on  Prunus  trifiora. 

E.  ceddomopkUus  (Atk.)  on  insect-galls  on  the  fruits  of 
Prunus  virginiana. 

E.  mirdbilis  (Atk.)    on   Prunus  angustifotia,  P.  Itortnlana, 

[Also    species   on   Prunus  subcordata,   P.    Chicasa,   and    P. 

pennsylvanica.] 
E.  alni   incaime    (Kiihn)   {E.   amentorum,   Sad.)   on   Alnus 

incana. 
E.  alni  glutinosae  (Tubeuf)  on  Alnus  ghitinom. 
E.  Robinsonianus  (Giesh.)  on   Alnus  incana. 
E.  Johansonii  (Sad.)  on  Popvlus  trnnula,  P.  trcmvloidcs,  P. 

grandidentata. 
E.  rhizophorus  (Johan.)  on  Poputvs  alba. 

II.  Species  which  (1)  produce  witches'  brooms,  or  (2)  at  least 
cause  deformation  of  shoots ;  asci  produced  on  the  leaves. 

(I)  E.    epiphyllus    (Sad.)    (E.    borealis,    Johan.)    on    Alnus 

incana  (uniform   grey  coating   of  asci   on    both   sides 

of  leaf.) 
E.  turgidus  (Sad.)  on  Bctula  verrucosa  (coating  of  asci   on 

under    surface    accompanied    by   slight    crumpling   of 

leaf). 
E.    betulinus    (Rostr.)    on    Betula   pubeseens   and    B.    odorata 

(coating  of  asci  on  under  surface). 
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E.   alpinvs   (Johan.)    on    Betula    nana   (coating    on    under 

surface). 
E.  carpini  (Roatr.)  on   Oarpinus  Betulus  (coating  on  under 

side,  and  crumpling  of  leaf). 
E.  cerasi  (Fuck.)  on  Prunus  Cerastes  and  P.  avium  (coating, 

chiefly  on  under  side,  and  crumpling  of  leaf). 
E.   insititiae   (Sad.)   on    Prunus  Insititia,  P.   domestiea,,  P. 

pennsylvanica,  (P.  spinosa  t) ;   (coating  on  under  side, 

and  crumpling  of  leaf). 
E.  acerinus   (Eliass.1)   on  Acer  platanoides ;    (asci   on  both 


E.  aesculi  (Ell.  et  Ever.)  on  Aescuhis  californica;  (coating  on 
both  sides). 

E.  Kruchii  (Vuill.)  on   Querent  Bex. 

E.  cornu  cervi  (Giesh.)  on  Aspidium  aristatum. 

E.  Laurencia  (Giesh.)  on  Pttris  quadriaurita  (with  deforma- 
tion of  leaves). 

(2)  E.  nanus  (Johan.)  on  Betula  nana  (white  coating  on 
upper  side). 

E.  baderiospermus  (Johan.)  on  Betula  nana,  (coating  on  both 
sides). 

E.  dtcipiens  (Atk.)  on  Prunus  americana  (coating  on  both 
sides). 

E.  imrpurascens  (Ell.  et  Ever.)  on  Bkus  copailina  (crum- 
pling and  red-colouration). 

E.  Tosguinetii  (West.)  on  Alnus  glutinosa  and  A.  glut,  x 
incana  (large  blisters  and  elongation  of  shoots). 

E.  pruni  (Fuck.)  on  Prunus  domestiea  (blistering  and  crum- 
pling). 

E.  minor  (Sad.)  on  Primus  Ohamaecerasus. 

E.  deformans  Berk,  on  Persica  vulgaris  and  Amygdalus 
communis  (blistering  and  crumpling). 

E.  crataegi  (Fuck.)  on  Crataegus  Oxyacantlia  (spots  and 
blisters  on  the  leaves). 

E.  mirabilis  (Atk.)  on  Prunus  angustifolia,  P.  hortulana, 
P.  americana  (on  twigs,  leaves,  and  fruits). 

E.  celtis  (Sad.)  on  Celtis  australis  (brown  spots). 

E.  githaginis  (Eostr.)  on  Agrostevima  Gitkago. 

'Svzwka   I'tt.Akad.  Handl.  20,  1806. 


dbyGoogle 


ABCOMYCETKS. 


III.  Species   which  produce  (1)  pustule-like   outgrowths,  (2) 
leaf-spot,  or  (3)  smooth  coatings  of  asci. 

E.  aureus    (Pers.)    on    Populns    nigra    (incl.    jiyramidalis) 

and  P.  montiifera, 
E.  polysporus  (Sor.)  on   Acer   tartaricum.   and    A.    Pseudo- 

platanus. 
E.  bullatus  (Berk,  et  Br.)  on  Pyrus  communis  and  Cydonia 

japonica. 
E,  cameras    (Johan.)   on    Iktula    nana,   B.   odoraia,   and   B. 

intermedia. 
E.  coeridescens   (Deem,   et   Mont.)   on  Qiiercua  pubescens,   Q. 

seasilijlora,  Q.  Cerris,  Q.  laurifolia,  Q.  rubra,  Q.  tinetoria, 


E.  Sadebeckii  (Johan.)  on  Alnus  glntinosa, 

E.  ulmi  (Fuck.)  on  Ulmus  campestris,  V.  montana,  and   U. 

americana  (spots  and  blisters). 
E.  virginicm  (Sey.  et  Sad.)  on  Ostrya  tirginica. 
E.  australis  (Atk.)  on   Carpinus  americanus. 
E.  filicinus  (Eostr.)  on  Aspidiam  spinulosum. 
E.  potentiilae  (Farl.)  on  Potentilla  geoides,  P.  canadensis,  P. 

sylvestris. 
E.  githaginis  (Eostr.)  on  Agroetemma  GitKago. 
E.  lutescens  (Eostr.)  on  Polystichum.   Thelypteris. 
E.  umbflliftrarum  (Kostr.)  on  Heraclcum  Spkondylium,  Peu- 

cedanum  palustre  and  P.   Oreoselinum. 
E.  mtryae    (Mass.)   on    Ostrya    carpinifolia   (brown   spots). 
E.  bctnlae   (Fuck.)    on   Betula  verrucosa-,    B.    pubescens,    B. 

turkestanica  (whitish  spots). 
E.  jiavus  (Farl.)  on  Betula  populi/olia,  B.  papyracea. 
E.   Hcericolus   (Mass.)   on   Acer    campestre    and    A.   Pseudo- 

platanus. 
E.  fasciculatus  (Lag.  et  Sad.)  on  Nephrudium  (whitish  spots). 


The  following  are  some  of  the  more  important  species  of 
Exoasceae : 

Exoaacns  prnni  Fuck.  (Pocket-plums).  This  attacks  the 
ovaries  of  Prunus  domeatica  (plum),  P.  Padus  (bird  cherry),  and 
P.  viiyiniana,  causing  the  mesocarp  to  grow  rapidly,  whereby 
the  fruits  increase  in  size   and   become   much  changed  in  form. 
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while  the  stone,  including  the  embryo,  remains  stunted.  (Fig. 
49.)  The  "pocket-plumfl"  (fools  or  bladder-plums)  dry  up,  and 
remain  hanging  on  the  tree  till  autumn.  De  Bary  found  on 
the  plum  a  withering  of  calyx  and  stamens  resulting  from  the 
development  of  the  hymenium  of  this  Exoascua;  on  the  bird 
cherry,  according  to  Magnus  and  Wakker,  enlargement  of  the 
stamens  occurs.  Sometimes  a  considerable  thickening  and 
twisting  of  the  young  shoots  takes  place,  and  their  leaves 
curl  up. 


<t.  Tubnf  dol.) 

The  mycelium  hibernates  in  the  soft  bast  of  the  twigs,  and 
proceeds  thence  in  spring  into  young  shoots  and  ovaries. 
According  to  De  Bary,  the  infected  ovaries  double  their  size 
in  two  days,  and  are  full  grown  in  eight  days.  The  asci  form 
a  close  layer  under  the  cuticle  of  the  ovary,  and  finally 
rupture  it. 
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Exoascua  Rostrapianua  Sad.  This  fungus  causes  "  pockets  " 
on  Prunus  spinosa  (sloe)  similar  to  the  preceding  species. 
According  to  Sadebeck,  the  aaci  in  this  case  are  more  slender. 


Fio.  40.— Rtmueiu  nnl     Malformed  Fin.  SO.— Bxaeuev prmi  on  twigof  Pruvut 

Plumi— "  pocket  pluma  "  ;  one  which  ia  Patfvi  (at  end  of  July-)-    Four  of  the  ossrles 

cut  Bhown   tha   rudimentary  atone,  are  malformed,    (v.  Tuhcuf  del.} 

J  natural  aire.    (V.  Tubeuf  phot.) 


AW 


Flo.  Gl.— EnHiKui  pmni.  Young  twige  of  Plum,  allowing  effects  of  mycelium. 
The  about*  are  iwollen  and  dlatorted,  one  dlaeaaed  leaf  rem  aim  hypertrophled 
and  much  crumpled;  on  one  ipur  a  normal  and  a  "pocket"  plum  are  boms, 
HpedmenifromlheMuBeumatOflUHinhelm.    I  natural  ain.    (•.  Tubeuf  phot.) 
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Exo&scus  communis  Sad.  This  produces  pocket-plums  on 
Primus  americana,  P.  pitmila,  and  P.  ma-ritima  in  America. 

Similar  "  pockets  "  also  occur  on  Primus  subcordaia,  P.  Chicasa, 
and  P.  petmsylvanica,  in  America,  as  a  result  of  some  Exoasmts. 

Ezoascus  Farlowii  Sad.  produces  similar 
deformation  of  carpels  and  floral  envelopes  on 
Prunus  serotina  in  North  America. 

Exoascus  Johansonii  Sad.  produces  carpet- 
enlargement  on  the  female  catkins  of  Populus 
tremula,  P.  tremutoides  and  P.  grandidentata ;  the 
contents  of  the  asci  are  yellow.  (Fig.  52.)  The 
anatomy  of  the  deformed  ovaries  baa  just  been 
described  by  Sadebeck.1 

Ezoascus  rhizophorus  Johan.  causes  similar 
enlargement   of   the  female   catkins   of  Popidus     i£Jm^J™~ 
alba. 

Ezoascus  alni-incanae  Kiihn  {Ex.  amentorum  Sad.)  This 
species  is  readily  distinguished  by  the  absence  of  a  stalk-cell 
on  the  ascus.  It  causes  increased  growth  and  enlargement 
of  the  seed-scales  of  alder  catkins,  the  fruit  itself  being  seldom 
attacked.  The  fleshy  bladder-like  outgrowths  at  first  appear 
as  little  red  processes ;  later,  the  asci  are  developed  on  the 
outer  surface  as  a  whitish  coating.  On  many  of  these  red 
processes  may  still  be  recognized  the  trifid  apex  of  the  normal 
scale,  (this  is  really  formed  from  five  smaller  scales  fused  into 
a  single  large  one  with  a  trifid  apex).  A  number  of  these 
red  outgrowths  are  generally  present  on  each  infected  catkin, 
yet  the  alders  continue  to  flower  vigorously  every  year. 

Wakker,2  in  investigating  the  anatomy  of  the  deformed  scales, 
found  the  following  alterations : — the  scales  are  increased  to  many 
times  their  original  size  and  contain  two  cavities;  all  parenchy- 
matous cells  become  regular  and  iso-diametric ;  lignification  of 
the  elements  of  the  wood  is  more  or  less  interfered  with,  and 
fewer  wood-fibres  are  produced ;  there  is  an  accumulation  of 
transitory  starch. 

Ezoascus    alni-glutinosae    Tubeuf.     This   is  a  new  species 

distinguished  by  v.  Tubeuf  in   1895.     It  occurs  in  the  Sudetic 

mountains,   Italy,    Denmark,   and   Sweden,   on   Alntis  glutinoaa. 

Its  habit   is  similar   to   that  of  Ex.  alni-incanae,  but  the   asci 

1  Sftdebwk  (Sm  literature),  4.  p.  144.  *  Pringtheita'*  Jahrbueh,  1892. 
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contain  only  conidia,  whereas  those  on  Alnus-incana  are  said 
by  Sadebeck  to  contain  only  ascospores,  unless  on  very  rare 
occasions.  In  the  lower  and  higher  Alps,  although  both  species 
of  alder  are  not  infrequently  found  together,  yet  the  Bxoascus 
is  found  only  on  Ainu*  incana,  and  no  species  occurs  on  A. 
glviinosa. 


i.    Many  of  the  bc 
in  which  tho  ud 


Ixoascus  epiphyllua  Sad.  (Ex.  iorealia  Joh.1)  The  witohes'- 
broom  fungus  of  the  white  alder  (Alnus  incana.) 

The  author*  was  the  first  to  describe  and  figure  this  form 
of  disease  in  1884;  and  Sadebeck  recently  succeeded  in  pro-- 

1  K.  Sven.   Vet.  Abxd.   1885  and  1387.     Tubeuf,  Botan.   Cmtralbl.,  1890. 
>  Tubeuf,  BtilrOgt  z.  Kenntnitt  d.  Braapbrankheiten,  18SS. 
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ducing  the  brooms  by  artificial  infection  of  alder.  The 
is  common  and  epidemic,  and  a  single  tree  may  carry  a 
as  a  hundred  brooms. 

The  witches'  brooms  are 
composed  of  many  thickened 
twigs,  beset  witli  an  abnor- 
mal number  of  lenticels, 
and  the  point  of  infection 
shows  a  distinct  swelling, 
from  which  the  broom  tends 
to  turn  directly  upwards. 
The  leaves  are  somewhat 
modified,  they  are  larger  and 
thicker  than  the  normal, 
they  unfold  later  and  wither 
earlier,  while  their  stipules 
remain  attached  for  some 
time.  The  brooms  of  alder 
only  survive  a  few  years, 
and  by  their  decay  cause 
the  death  of  large  branches, 
and  frequently  of  the  whole 
tree. 

The  asci,  which  are  sunk 
in  a  depression  of  their 
stalk-cell,  form  a  white 
coating  on  both  surfaces  of 
the  leaves.  The  mycelium 
hibernates  in  the  buds. 

Exoascru  tnrgidns  Sad. 
causes  the  formation  of 
witches'  brooms  on  Betida 
verrucosa.  The  leaves  form- 
ed on  the  brooms  are  some- 
what crumpled,  and  the  aaci 
are  produced  on  their  lower 
surface. 

Exoascus  betulinus 
Rostr.  produces  witches' 
brooms  on  Betvla  pubescens  i 


disease 
i  many 


...  -Awni  epipiyllvt.  WlUhea' 
In  nrntyear,  showing  iwoUibf  lit  the  point  ■ 
tion.  Thft  laTH  are  Already  shed  In  autum 
the  normal  .till  ntnain  *  natural  Aim. 
i.  Tubanf.) 
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*  Witches'  brooms  on  birch  are  very  common  in  Scotland. 
They  appear  as  tangled  masses  of  twigs,  which  at  first  sight 
give  the  impression  of  some  bird's  nest.  I  have  frequently 
examined  the  leaves  borne  on  these  brooms,  and  have  never 
failed  to  find  the  asci  of  an  Exoascus.  Sadebeck  gives  in 
his  monograph  the  two  above-named  species  as  found  on  birches 
bearing  witches'  brooms.  Mites  (e.g.  Phytoptus)  have  also  been 
given  as  the  cause  of  these  malformations.  On  close  examination 
of  brooms  which  undoubtedly  bore  Sxoascm,  I  found  that  a 
broom  results  from  a  prolific  development  of  small  twigs  on 
one  or  a  few  knotty  swollen  parts  of  a  branch.     Each   central 


Flu.  5i.—  Wilch'l'  Broom  ojtki  H. 
upper  normal  part  of  which  hu  uc 

knot  we  may  regard  as  the  position  of  the  bud  which  was 
first  infected,  and  from  which  the  broom  system  took  its 
origin.  As  one  result  of  the  attack  of  the  fungus,  the  greater 
number  of  the  buds  in  the  axils  of  the  scales  of  the  infected 
bud  have  grown  out  as  twigs,  but  not  into  well-developed 
ones.  In  consequence,  nearly  every  twig  has  been  killed  back 
by  the  winter,  but  not  completely,  so  that  from  each  twig- 
base  has  sprung  a  new  crop  of  stunted  immature  twigs  like 
the  first,  and  equally  liable  to  be  killed  in  the  following  winter. 
Thus  has  arisen  that  tangled  mass  of  dead  or  sickly  birch 
twigs  which  we  call  a  witches'  broom.     [Edit] 
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Exoascuu  alpinus  Johan.  and  Ex.  nanus  Johan.     Both  occur 
n  Betula  nana,  and  induce  formation  of  hypertrophied  twigs. 


whole  left  Bide  (on 
the  crown,  while  * 
(t.  Tubeuf  phot.) 


The  mycelium  of  Ex.  nanus  hibernates  in  twigs,  and  penetrates 
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into  the  inner  tissues  of  newly-formed  twigs  and  leaves.  The 
mycelium  of  Ex.  alpinus  passes  the  winter  in  the  buds,  spreading 
thence  in  spring  into  young  twigs  and  leaves. 


a  1>  m  jet  leitloM  oicept  the  broom  •, 
(i.  Tubouf  phgt.J 

Exoaacua  carpini  Rostr.  is  common  on  Carpinvs  Bettdus  (horn- 
beam) (Fig.  55).  The  brooms  produced  are  bushy  and  densely 
leafed ;  the  twigs  are  thickened  and  much  branched ;  the  leaves 
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are   somewhat  curled  up,  and   the   asci   appear  on   their    lower 
surface.1 

Exoascus  cerasi  Fuck,  occurs  very  commonly  on  cherry 
trees  (Prunus  Cerasm  and  P.  avium)  both  in  Europe  and  America.* 
It  produces  witches'  brooms,  which  may  be  large,  upwardly 
directed,  bush -like,  and  very  conspicuous  structures,  with 
numerous  thickened  and  elongated  twigs  (Fig.  3);  or  they  may 
be  small,  hanging  bunches  of  twigs  with  upturned  free  ends. 
The  leaves  are  somewhat  wavy,  slightly  crumpled,  and  reddish ; 
on  their  lower  epidermis  they  bear  asci,  and  fall  off  prematurely. 


Flo.  58.—  Xariual  twig  at  Cherry  from  n  tree  In  bliiHuin,  u  In  Fig.  57. 
(v.  Tubeu/  phot.) 

The  brooms  are  visible  at  a  considerable  distance  in  the  winter 
(Fig.  56),  while  they  are  even  more  conspicuous  during  the 
flowering  season  (Fig.  57).  At  the  latter  time,  before  the 
leaf-buda  open,  the  cherry  trees  are  normally  covered  with 
white  blossom,  while  the  brooms  bear  leaves  only,  and  rarely 
blossom.     Hence  they   produce   little  or  no   fruit     Each   tree 

1  Wehmer  {Bol.  Zeitung  1896)  discusses  the  formation  of  these  witches' 
brooms.    (Edit.) 

J  E.  TUthay,  "  Uber  die  Hexenbesen  d.  Kirachbaumen. " — Sitntngiber.  4.  K.  K. 
Atad.  at  Wien,  1881. 
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may  bear  several  brooms,  and  every  tree  in  a  fruit -garden 
may  be  attacked,  so  that  this  disease  has  assumed  consider- 
able economic  importance.  As  a  preventive  measure,  the  removal 
of  all  brooms  at  the  time  of  pruning  the  trees  is  strongly 
recommended. 

[According  to  Shirai  {Tokio 
botanical  magazine,  1895)witches' 
brooms  are  produced  in  Japan 
on  PrunitB  pseudo-eerastts,  by  a 
distinct  species,  Ex.  pmtda- 
cerasus.] 

Exoascus  minor  Sad.  This 
species  induces  hypertrophy  of 
shoots  of  Primus  CJutmaecerasm 
and  P.  Gerasua,  but  cannot  be 
said  to  cause  formation  of 
witches'  brooms.  The  mycelium 
hibernates  in  the  buds,  and 
spreads  only  underneath  the 
cuticle,  while  that  of  Ex.  cerari 
lives  in  the  tissue  of  the  twiga 
and  leaves.  It  is  characteristic 
of  this  species  that  only  leaves 
here  and  there  on  a  twig  may 
Pin.  so.— Twig  from  witcw  broum  in     be  attacked,  while  their  neigh- 

roliiiKO,  a*  Id  Mg.  67.    Photographed  nt  saroo  '  " 

Hmo  m  Fig.  .is  for  coDjpariBon.  (v.  Tubcuf  bours  remain  quite  healthy ;  both 
(lowers  and  iruit  may  also  be 
borne.  Diseased  leaves  appear  much  crumpled,  and  Sadebeck 
states  they  have  an  odour  of  cumarin ;  they  turn  brown  pre- 
maturely  and  fall  off. 

Exoascus  insititiae  Had.  is  found  on  Prunm  domestiea  and 
P.  Insititia  in  Europe,  and  P.  pcnnsylvanica  in  North  America. 
It  causes  formation  of  witches'  brooms  smaller  than  those  on 
the  cherry  tree,  yet  probably  more  common  in  the  fruit  garden. 
They  bear  no  fruit,  and  are  a  source  of  considerable  loss. 
The  mycelium  hibernates,  like  that  of  Ej;  rcra&i,  in  the  bark  of 
twigs,  and  spreads  in  spring  into  the  buds. 

The  leaves  of  the  host  bear  asci  on  the  lower  epidermis ; 
they  are  always  more  or  less  curled  up,  and  fall  off  early. 
To  prune  off  all  brooms  is  the  best  preventive  measure. 
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Exoaacua  deformans  (Berk.)  causes  the  "curl  disease"  of  tin? 
peach    {Per men    vulgaris),    and    may   inflict    great    injury.     The 


mycelium  hibernates  in  bark,  pith,  and  medullary  rays  of  twigs, 
so   that   it   reappears   each    year.      An    E-wascus,   which   occurs 


Flo.  tL-iiHEIU  domain.  Comparitoli  of  normal  (action  of  leaf  of  Prvnul 
Ptriiea  with  a  hvperlropbied  one,  B;  in  the  latter  the  mycelial  hyphae  have 
been  >llf(htLj  shaded.  The  eectlone  an  from  different  parti  of  the  same  leaf,  and 
arc  drawn  with  tbe  Mine  magnification.    (After  W.  G.  Smith.) 

on  the  almond  (Amyydalus  communis),  resembles  Ex.  deformans 
so    closely  that    they   are   now   regarded   as   the   same    species. 
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This  is  supported  by  Smith's  investigations,  in  which  an  an- 
atomical comparison  of  diseased  twigs  of  peach  and  almond 
showed  no  difference  in  the  pathological  effects. 

Exoascna  crataegi  Fuck,  occurs  on  Crataegus  O^-yacarUha, 
and  causes  red  swellings  on  the  leaves  and  flowers,  accom- 
panied by  hypertrophy  of  shoots  in  which  the  mycelium 
perennates. 

Exoascus  Tosquinetii  (West).     The  deformation  caused  by 
this  species   is  frequent  on  the  black  alder  (Alnm  glvtinosa). 
The  thickened,  elongated,  wrinkled  twigs  render  attacked  parts 
very  conspicuous  in  contrast  to  the  normally  developed  parts  of 
the  tree.     The  leaves  may  be 
wholly    attacked    and    much 
enlarged,    or    they   may   only 
be  hypertrophied  at  places  so 
as  to  form  pustule-like  swell- 
ings.      The    epidermal     and 
mesophy  11 -cells     of     diseased 
leaves     become     greatly     en- 
larged. 

Exoascus    aureus    (Pers.). 

The  leaves  of  the  black  poplar 

(Pojntliis    nigra)  attacked    by 

this  parasite  exhibit  pustules 

(Fig.     62).        The     asci     are 

formed    as    a    golden    coating 

on   the    concave   side   of   the 

pustules,    which    is,   in    most 

cases,  the  under  side  of  the 

f,„,  us.-*™,™  „„»,.    L»t  of  r,v*i*>     Ieaf-  rareIv   the   upper.      The 

Tub^'i'dSu"* the  f",tule-llk"  «"»■*■   <'•     cells     forming     the     pustules 

have    thicker    walls    and     a 

somewhat  different  shape  from  the  normal  epidermal  cells,  and 

they   are   not   unfrequently   sub-divided   by   walls   of  secondary 

origin  (Fig.  63). 

According  to  Smith,  the  cells  of  the  palisade  parenchyma  have 
also  thickened  walls,  as  well  as  being  elongated  and  occasionally 
chambered ;  the  cells  of  the  spongy  parenchyma  are  enlarged  and 
have  thicker  walls ;  so  also  are  the  cells  of  the  collenchyma  of 
the  leaf  venation. 
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Exoascus    coernleacena   (Mont,   et    Desin.)   produces    similar 

blisters  on  oak  leaves. 


Exoascus  carneus  Johan.  occurs  on  leaves  of  Betida  odorata, 

B.  nana,  and  B.  intermedia.     The  pustular  outgrowths  rise  above 
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the  upper  surface  of  the  leaf  (Fig.  64),  and  the  upper  epidermis 
alone  bears  the  asci.  In  the  pustules,  the  leaf  may  be  two  to 
four  times  as  thick  as  healthy  parts.  The  greatly  increased 
thickness  is  due  for  the  most  part  to  enlargement  of  the  cells 
of  the  mesopbyll,  while  at  the  same  time  their  normal  arrangement 
is  completely  lost  (Figs.  65,  66).  The  elements  of  the  fibro- 
vascular  bundles  are  enlarged ;  the  cells  of  the  upper  epidermis 
are  more  numerous,  contain  a  reddish  sap,  and  their  walls  are 
thickened.     All  chlorophyll  is  destroyed  in  the  pustules. 

Ex.  polyaporua  (Sor.)  causes  swollen 
spots  on  leaves  of  Acer  tartaricum. 

Ex.  bullatus  (Fuck.)  causes  similar 
spots     on     leaves     of     pear     (Pyrin 
is)      and      quince      (Cydonia 


Ex.  Sadebeekii  (Johan.)  causes 
simple  spots  on  leaves  of  Alnus 
(jhitinosm. 

Many  other  species,  named  in  our 
list  and  in  Sadebeek's  papers,  will  be 
found  described  in  detail  in  one  or 
other  of  the  papers  already  cited. 

B.  Carpoasci. 
(Atcomycete*  with  Sporocarpt.) 

'™«B'p5™  swa  *«£  ^ne  asc'  °^  tne  Carpoasci  are  not 

formed  directly  on  the  mycelium,  but 
Jrf™^tta?rhf™Brf  from  a  special  part  of  it,  which 
hVrSbeunun  becomes  more  or  less  enclosed  in 
another  non-ascogenous  portion.  From 
these  two  portions  of  the  mycelium  a  sporocarp  is  formed,  in 
which  we  can  distinguish  three  distinct  constituents:  (a)  the 
envelope  containing  (&)  the  paraphyses  and  (c)  the  asci 
Amongst  the  Gymnoasci  the  envelope,  if  present,  is  never 
more  than  a  loose  hyphal  tissue,  but  in  the  Carpoasci  both 
paraphyses  and  envelope  are  present,  the  latter  with  char- 
acteristics distinctive  of  each  species.  The  sporocarps  of  the 
lower  Carpoasci  are  completely  closed  structures  containing 
only    one   or   a   few   asci;    those  of  the  higher  forms,  however, 


ncked  leaf  shows  pale  spots  with 
cowed 


}Mt* 
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contain   many  asci,  and   the  envelope  is   pierced   by  a   definite 

aperture. 

Brefeld  endeavours  to  explain  the  aacocarp  of  the  Erysipheae  from  the 
xporangial  structures  of  the  Zygosporeae  {ItMzopxu  and  ifortierella) ;  I)e 
Bary '  and  Zopf,*  on  the  other  hand,  see  in  it  an  oosporangium,  like  that 
of  the  Oosporeae.  Under  this  latter  view  the  envelope  of  the  Carpoasci  is 
morphologically  homologous  to  the  antheridia  of  the  Saprolegnieae  and 
Peronoaporeae.  In  the  latter  group  the  autheridium  generally  takes  the 
form  of  an  open  fertilization-tube,  in  the  Saprolegnieae  it  remains  closed, 
and  is  physiologically  no  longer  an  antheridium.  Zopf  found  in  one  of 
tiie  Saprolegnieae  (Dictyuchut  earpophorm),  an  envelope  resembling  that 
of  the  Erysipheae,  aud  on  this  ground  he,  along  with  De  Bary,  links  the 
Erysipheae  to  Oomycetes  like  Achyla  through  forms  like  Podotpkaera. 

The  reproductive  cells  or  ascospores  result  from  direct  nuclear 
division  inside  the  asci.  They  are  generally  simple  and  uni- 
cellular, but  it  is  not  uncommon  to  find  that,  by  the  formation 
of  cross  and  longitudinal  walls,  each  spore  forms  a  cell  aggre- 
gation (eporidesm  of  De  Bary),  with  each  cell  capable  of 
germination  on  its  own  account.  The  number  of  cells  in  each 
aggregation,  as  well  as  the  size  and  shape  of  each  cell,  are  in 
many  cases  constant,  and  form  points  for  the  determination  of 
species.  Appendages  to  the  spores  are  characteristic  of  many 
species. 

The  Carpoasci  possess,  in  addition  to  ascospores,  other 
means  of  reproduction.  Thus,  thick-walled  chlamydospores  occur 
either  in  the  mycelium  as  resting-spores  {Hypomyces),  or  as 
spores  (oidia)  resulting  from  a  breaking  up  of  hyphae. 
Many  kinds  of  conidia  may  also  be  produced,  some  from  the 
germinating  ascospores,  some  abjointed  from  a  branch  of  the 
mycelium  or  from  some  form  of  special  conidiophore.  These 
latter  may  be  produced  isolated,  or  massed  together  in  hollows 
of  the  stroma,  or  in  closed  structures  resembling  ascocarps, 
and  called  pycnidia.  The  various  forms  of  reproductive  organs 
presented  by  each  species  will  be  more  closely  considered  as 
we  proceed. 

The  Carpoasci  are  arranged,  according  to  the  structure  of 
the  ascocarps,  under  the  following  divisions: — the  Peris- 
poriaceae,  Pyrenomycetes,  Hysteriaceae,  Diseomycetes,  and  Hel- 

1  De  Bary.     BtitrOge  z.  morph.  u.  Phy-aol.  d.  PUzt. 

■Zopf.     BtUrOge  z.   Phynoi  u.  morph.  nei/Ur  Organismtn.     Heft  3,  1893. 
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vellaceae.     All  these  groups  include  forma  parasitic  on  plants, 
except  the  last,  which   is  saprophytic 

GymnoaacuB  and  Ctenomyces  are  forms  intermediate  to  the 
Gymnoasci  and  Carpoasci ;  they  have  the  asci  enclosed  in  a 
slimy  envelope  of  mycelial  tissue.  We  place  them  along  with 
the  former  group,  although  Brefeld  puts  them  in  the  latter. 

PERISPORIACEAE. 
The  Perisporiaceae  are   distinguished  by   having  an   ascocarp 
or  perithecium  which  never  opens,  so  that  the  asci  are  only 
exposed  by  decay  of  the  envelope.     It  includes  three  families, 
the  Erysipheae,  Perisporieae,  and  Tuberaoeae. 

ERYSIPHEAE 

The  members  of  this  family  all  live  as  parasites  on  the 
outer  surface  of  plant-organs,  and  have  a  much-branched, 
white,  septate  mycelium,  which  derives  nourishment  from  the 
interior  of  the  epidermal  cells  of  the  host  by  means  of 
haustoria  of  various  forms. 

The  Erysipheae  or  Mildews  appear  as  white  spots  and 
coatings,  on  which  the  ascocarps  or  perithecia  appear  later  as 
black  points.  On  microscopic  examination,  the  perithecia 
will  be  found  to  contain  one  or  many  asci,  while  externally 
they  are  beset  with  thread-like  appendages  of  a  definite  form 
and  definitely  arranged,  so  that  they  are  of  great  use  in 
determining  the  various  species. 

The  fungus  passes  through  the  winter  by  means  of  the 
ascospores.  These  do  not  ripen  till  spring,  when,  liberated  by 
decay  of  the  ascocarp,  they  are  carried  to  plants,  where  they 
germinate,  especially  on  the  leaves,  and  form  a  mycelium.  In 
addition,  the  fungus  is  propagated  throughout  the  summer  by 
means  of  conidia  produced  on  special  conidiophores  in  acropetal 
series  or  chains,  of  which  the  distal  terminal  comdium  (acrospore) 
is  the  oldest  and  largest.  The  ripe  conidia  fall  off  and 
produce  a  mycelium  which  is  at  once  fixed  in  place  by  the 
formation  of  haustoria. 

Prevention.  "  Sulphuring "  is  the  method  chiefly  used  for 
combating  mildew.  This  consists  in  dusting  powdered  sulphur 
(flowers   of  sulphur)   over  the   plant    threatened    with   attack. 
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The  operation  is  done  by  hand  or  by  special  implement.  One 
of  the  best  known  of  these  is  the  "  Sulphur  Puff."  This 
consists  of  a  brush  with  a  hollow  stem  to  contain  flowers  of 
sulphur,  the  end  of  the  stem  being  perforated  to  allow  the 
sulphur  to  escape  on  to  the  plant.  Sulphuring  must  be 
carried  out  during  dry  weather  to  prevent  the  powder  being 
washed  away.  It  has  also  to  be  frequently  repeated,  so  that 
young  growing  shoots,  flowers,  fruits,  leaves,  and  all  parts 
liable  to  attack,  may  be  kept  well  dusted.  Sulphur  prevents 
germination  of  conidia  on  the  leaves;  it  also  kills  the 
mycelium,  while  the  plant  itself  remains  uninjured. 

Besides  sulphuring,  various  copper  solutions  give  very  good 
results,  while  at  the  same  time  they  act  as  a  preventive 
against   the  false  mildews  (Plasmopara,  Pn-onoiqxrra,  etc.). 

Sphaerotheca. 

Perithecia  spherical  with  thread-like  appendages;  they  contain 
one  spherical  ascus  with  eight  colourless  oval  ascospores. 


Fig.  M— JEmmnIMw.    Svkairothrra  jxuihohi.    Ths  fungu.  form**  while  mealy 
rarlcdup.    (».  Tubeofphot.) 
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Sphaerotheca  pannosa  Wallr.  (Britain  and  U.S.  America). 
The  Rose-mildew.  The  mycelium  form3  a  thin  white  coating  on 
the  leaves,  and  is  nourished  by  lobed  haustoria  inserted  into 
the  epidermal  cells.  Young  leaves  or  buds  when  attacked 
become  more  or  less  deformed,  their  function  is  interfered  with, 
and  death  may  result.  In  this  way  great  damage  is  done  in 
rose-gardens.  This  parasite  also  attacks  young  leaves  and  fruits 
of  peach  and  apricot. 


—Splnurothtat  /kirh 


epidermis  of  a  loot.     (Alter  1 


Kose- mildew  is  propagated  during  summer  by  ovoid,  uni- 
cellular conidia  abjointed  in  acropetal  series  from  erect  conidio- 
phores.  The  perithecia  have  short  simple  appendages,  and 
contain  elliptical  spores. 

The  disease  may  be  combated  by  "  sulphuring ";  according  to 
Kitzema-Bos,  spraying  with  Bordeaux  mixture  has  also  shown 
good  results. 
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Sphaerotheca  (Podosphaera)  castagnei  Lev.  (Britain  and 
U.S.  America).  The  Hop-mildew.  The  mycelium  is  found  on 
all  parts  of  hop-plants,  causing  considerable  damage,  especially 
when  it  attacks  the  young  inflorescences.  The  perithecia  have 
recumbent,  brown,  simple  appendages.  This  species  appears 
chiefly  on  various  Compositae,  Rosaceae  (esp.  Spiraea  TTlmaria), 
Cucurbitaceae,  Geraniaceae,  etc.  Sorauer  reports  it  as  very 
injurious  to  apple-trees. 


Oidium  farinosum  Cooke.  Attacks  young  leaves  and  calyx 
of  apple;  it  is  easily  distinguished  from  the  oidium- condition  of 
the  preceding  species.1 

Sph.  moru-uvae  B.  et  C.  The  Gooseberry-mildew.  Is  specially 
injurious  to  Kibes  Uva  crispa  and  other  species  of  Ribat  in 
America.  Spraying  with  a  solution  of  potassium  sulphide  (£  oz. 
in  1  gallon  water)  at  intervals  of  twenty  days  is  recommended.1' 

1  Sorauer,  Hedwigia,  1889. 

'Habited  [U.S.  Dlpartmtnt  of  Agriculture,  Report  for  1887)  describes  this 
diiciBo  (Edit.). 
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Sph.  epilotrii  Lit.  occurs  ou  EpiloUum  (U.S.  America). 

Sph.  Nieaalii  Thiirri.  on  Sorbut  {Pyrut)  Aria. 
Sph.  prainon  C.  et  Pk.  on  Rhus  in  America. 


Flo.  71.— Spkaerolluea  cmfojrari.  Epiphytic  mycelium  on  epidermis  at  Spiraea 
Utmaria.  Throe  biiuitoria  are  embedded  la  epidermal  oelle.  Two  conldlophoree 
are  shown,  from  one  of  which  *  couldlum  lias  become  detached.  A  hair  of 
Spiraea  II  ihowo  at  one  »tde.    (T.  Tubeuf  deL) 

Podoaphaera. 

This  genus  is  distinguished  from  Sphaerotheca  by  its  upright 
perithecial  appendages,  which  branch  dichotomously  towards  their 
extremities. 

Podoaphaera  oxyacantbae  I>.  C.  Apple  powdery  mildew, 
also  occurring  on  pear  (Pyrus),  hawthorn  {Crataegus),  mountain 
ash  (Pyrus  Aucuparia),  and  medlar  (Mespilus).  In  America 
this  disease  is  very  injurious  to  apple-cultivation.2  It  attacks 
chiefly  young  seedling  plants,  stunting  their  growth  and  causing 
them  to  lose  their  leaves. 

P.  tridactyla  Wallr.  This  causes  injury  to  leaves  of  various 
species  of  Prunus  (cherry,  plum,  and  sloe)'  (Britain  and  U.S. 
America). 

1  Account  by  M.  B.  Wait*  ( U.S.  Department  of  Agriculture,  Report  for 
1888);  notes  on  treatment  in  Fair-child's  experiments  {Journal  of  Mycology,  vn. 
p.  266),  and  elsewhere  (Edit.). 

» Hoisted  Zcitachrift  f.  PflnnumkraakUiUn,  1895,  p.  338)  gives  as  additional 
hosts:  Apple,  Craiaegu»  Oxyacantha,  AmelaachUr  eanadetttU  and  Spiraea  (Edit.). 
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P.  myrtillina  Schub.  on  leaves  of  Vacrinium  Myrtillus  (bil- 
berry), V.  idiginoswm,  and  Empetrum  nigrum  (crowberry),  (U.S. 
America). 

Erysiphe. 

The  perithecia  contain  several  asci,  each  with  two  to  eight 
oval  hyaline  spores.  The  appendages  are  like  these  of  Sphae- 
rothtca,  simple-  and  thread-like. 

Erysiphe  graminis  D.  C.  Mould  or  mildew  of  grass  and 
wheat.  Grass  and  cereals,  especially  wheat,  often  suffer  serious 
damage  from  this  parasite.  The  mycelium  appears  on  the  leaves 
as  white  or  brownish  spots,  generally  on  the  upper  surface. 
Colourless  conidia  (Oidium  monilwides,  Lk.)  are  produced  acro- 
petally  in  chains.  The  somewhat  rare  perithecia  have  brown 
appendages,  and  contain  eight  to  sixteen  asci,  with  four  to 
eight  spores  each ;  the  spores  mature  in  spring  as  the  dead 
leaves  lie  on  the  ground.  This  mildew  has  inflicted  great 
loss  both  in  Europe  and  America,  Dusting  the  threatened 
crop  with  "  flowers  of  sulphur "  will 
probably  check  the  first  stages  of  an 
attack,  but  care  in  destroying  infected 
crops  is  by  far  the  most  effective 
preventive. 

Erysiphe  martii  Lev.  This  fre- 
quents various  Legnminoeae  (clover, 
beans,  vetches,  peas,  lupines,  etc.), 
Cruciferae,  and  other  plants  (Britain 
and  U.S.  America). 

Er.  umbelliferanun  Be  Bary. 
Occurs  on  various  Umbelliferae 
(Britain). 

Er.  communis  Wallr.  on  tobacco,  also  on  various  Banun- 
cula'eeae,  Papilionaceae,  etc  (Britain  and  U.S.  America). 

Er.  tortilla  Wallr.  on  Cornua  naiiguinea  (Britain  and 
America). 

Er.  galeopsidis  D.  C.  on  Labiatae  (Britain  and 
America). 

Er.  cichoriacearum  D.  C.  on  Compositae,  Boragineae, 
also  causing  considerable  damage  to  cucumbers  (Britain 
U.S.  America). 


Fio.  72.— Er*iiy>hc  uiitMKfeiarttiH. 
Germination  of  ■  COI.ldium  (i/j)  on 
AHthrliou  i»(«ilrifc  An  attach, 
mont-dtnc  bus  bun  formed,  and  a 

mti  to  bocome  the  fint  bmutorlum. 
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Microsphaera. 

The  petithecia  contain  several  asci  with  two  to  eight  spores, 
and  the  appendages  have  dichotomously  branched  ends  like 
those  of  Podosphaera. 

Microsphaera  astragali  D.  C.  Occurs  on  Astragalus  glycy- 
phyllos  and  A.  virgatua  (Britain  and   U.S.  America). 

M.  berberidis  D.  C.  on  Barberry  (Britain). 

H.  lonkerae  D.  C.  on  species  of  Lonicera. 

M.  grossulariae  Wallr.  on  Gooseberry  (Britain  and  U.S.  America). 

M-  lycii  Lasch.  on  Li/cium,  and  Desmodium  (Britain  and  U.S.  America). 

M.  evonymi  D.  C.  on  Evonymu*  europaeut  (Britain). 

M.  aim  D.  C.  on  Ainu*  glutinota,  Betula  verrucosa,  and  B.  pubescent, 
Rhammtt  catkartica,  Viburnum  Opul-us,  and  V.  Lantana,  etc.  (Britain  and  U.S. 
America). 

M.  densisaima  (Schwein.)1.  This  species  forms  orbicular  patches  on  the 
leaves  of  (Querent  tinctoria,  etc.,  in  North  America. 

M.   Guarinonii  Br.  et  Cav.  on  Cyilitus  Laburnum. 

Also  several  other  American  species. 

Uncimila. 

The  perithecia  contain  several  asci  with  two  to  eight  spores. 
The  appendages  have  involute  ends,  and  are  simple  or  dicho- 
tomously branched. 

Uncinula  spiralis  B.  and  C-  (IT.  S.  America  and  Britain). 
The  Vine  Mildew.  This  disease  was  first  observed  in  England 
in  1845,  and  since  then  has  spread  over  the  whole  of  Europe. 
The  conidial  stage  has  caused  widespread  injury,  but  the  perithecia 
remained  quite  unknown  till  1892,  when  they  were  observed  on 
vines  in  France  by  Couderc,  and  in  1893  in  large  numbers  by 
Viala.  In  America,  a  similar  disease  is  also  well  known ;  its- 
perithecia  have  been  long  recognized  and  named  TTndnvla 
spiralis.  The  identity  of  the  American  and  European  iniUew 
was  first  suggested  by  Viala  in  1887,  and  may  now  be  assumed. 
The  perithecia8  when  mature  are  brown,  spherical, and  beset  with 

1  Atkinson,  Bulletin  of  Torrty  Botanical  Club,  Dec  1894. 

-In  consequence  of  recent  investigations,  this  species  has  been  transferred  from 
the  genus  Ery$iphe,  and  revised  with  the  author's  consent.     (Edit.). 

Viala,  Compt.  rtnd.  cxix,  1894,  p.  411.  Prillieux,  Bid!,  de  la  Soe.  mycol.  tie 
France,  1893. 

SB.  T.  Galloway  {Botanical  Gazette,  1895,  p.  486),  gives  a  recent  account  of 
the  development  of  this  Uncinnla.     (Edit.). 
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appendages  having  hooked  tips.  Within  the  perithelia  are 
found  the  ovoid  asei  containing  the  spores;  there  are  from  four 
to  ten  asci  in  each  perithecium,  and  four  to  eight  spores  in  each 
ascus. 

The  conidial  stage  was  formerly  known  as  Oidium  Tuckcri. 
The  conidia  are  abjointed  as  oval  colourless  bodies  from  simple 
septate  conidiophores,  to  the  number  of  two  or  three  in  each  chain. 
They  germinate  at  once,  and  as  they  are  formed  in  large  numbers, 
especially  in  moist  weather,  the  disease  spreads  rapidly.  The 
mycelium  is  non-septate,  or  almost  so,  and  attaches  itself  to  the 
epidermal  cells  of  vine-leaves  and  young  grapes,  by  lobed  attach- 
ment-discs, from  which  simple  sac-like  haustoria  make  their  way 


Pin.  7».--Piiri««to  aarit.     Fwithacla.     (Aftor  Tulune.) 

into  the  cells.  The  mycelium  forms  white  spots,  bnt  after  a 
time  causes  the  death  of  cells  near  it,  so  that  brown  withered 
spots  appear.  The  leaves  generally  wither,  the  grapes,  however, 
continue  to  grow  at  the  places  not  attacked,  till  rupture  of  the 
coat  ensues,  then  they  shrivel  up  or  fall  a  prey  to  mould-fungi. 
Sulphur  is  the  preventive  generally  used  (See  p.  170). 

Uncinula,  aceris  D.  C.  (Britain).  This  appears  as  white  spots 
on  the  leaves  of  species  of  Acer,  native  and  cultivated.  When 
attacked  by  this  mildew,  young  unfolding  leaves  are  stunted  in 
growth,  while  older  leaves  in  autumn  still  retain  their  chloro- 
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phyll  in  diseased  spots,  so  that  when  dead  and  yellow,  they 
are  still  spotted  with  green.  The  conidia  are  oval,  bo  also  the 
spores  of  which  six  to  eight  are  found  in  each  ascus. 

U.  Tulasnei  Fuck,  produces 
a  white  coating  over  the  whole 
leaf-surface  of  Acer  plalantndes. 
The  conidia  are  spherical. 

V.  circinata  C.  et  Peck,  is 
found   on  species   of  Acer   in 
\     America. 

|  IT.  salicia  IX  C.  (Britain  and 

!      U.S.  America).      This  species 
occurs  on  leaves  of  the  willow, 
and   produces  white  spots  or 
thick  coatings  on  one  or  both 
surfaces.     It  13  also  found  on 
leaves  of  poplar  and  birch. 
U.  pranastri  D.  C.  on  Prawns  spinosa  (Britain). 
U.  Bivonae  Lev.  on   Ulm.ua  montana  (U.S.  America). 
Also  other  American  species. 

Phyllactinia, 

The    spherical    perithecia    are    flattened    at    the    poles,    and 
enclose  several  asci  containing  two  or  three  oval  sulphur-yellow 
spores.     The  appendages 
are    sharp-pointed    hairs 
with  swollen  bases. 

Phyllactinia  suffulta 
liebent.  (Ph.  guttata 
Wallr.)  produces  white 
spots  or  coatings  on  the 
leaves  of  many  trees,  eg. 
beech,    hornbeam,    ash, 

birch,    hazel,    oak,     etc.  —    - 

(Britain      ana       V.a.     ]^tia  p«tbii> oovomd  byiwhiw  mycelium, an  which 

America^  thaperith*iU»pp<»r».bUtkpolnt».    (v.  Tubouf  d«L) 

PERISPORIEAE. 

The  Perisporieae  include  the  following  genera  Thielavia,  Dime- 
rosporium,   Afagnusia,    Cepkalotheca,  Zopfidla,  Anvtia,   Eurotium, 
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Aspergillus,  Penicillium,   Zopfia,   Pcrisporium,  Lasiobotrys,  Apio- 
sporiitm,   Capnodium,  Asterina,  Microthyrium. 

To  this  sub-division  of  the  Perisporiaceae  belong  some  com- 
mon forms  of  mould-fungi  which  are  generally  only  saprophytic, 


—nptlaetinia  twTVito  from  Booch.     Porithecium,  with  chuicUrtitlc 

,, „»     Contents  uf  tbo  parlthMium  :   ucl,  ipoiM,  ud  chalni  ol  cells 

lemnblliig  paraphyw".     (t.  Tiibeuf  deL) 


but  occasionally  find  their  way  into  fruit  with  broken  epidermis. 
They  are  thus  found  carrying  on  secondary  decay  and  rot,  where 
other  diseases  have  begun  the  attack. 
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In  this  group  are  included  certain  species  of  fungi  which  are 
able  of  themselves  to  induce  rot  in  ripe  fruit.  Davaine '  was 
the  first  to  direct  attention  to  these,  and  recently  they  have  been 
made  the  subject  of  very  searching  investigations  by  Wehmer.1 
According  to  this  author,  only  a  limited  number  of  species  of 
fungi  accompany  this  kind  of  rot  and  give  rise  to  it  primarily. 
As  a  rule  they  effect  an  entrance  by  some  wound,  possibly  also 
through  lenticels  or  other  apertures.  Some  forms  prefer  certain 
species  of  host-fruit,  in  some  cases  even  certain  varieties. 

Wehmer  gives  the  following  synopsis : 


Pear,      J 

Medlar,) 

Plum,- 


C'auhk  oy  Ripe-rot. 

I  Penicillium  glaaeum. 
Mveor  piriformis. 
(Mucor  itolonifer.) 
{Penicillium  glaucum. 
Botrgta  cinema. 
{Mvcor  racemotut. 
Penicilliumglaucum, 


Fruit.  Cause  oy  Kipe-eot. 

Orange,      \         f        . 
Citron,        -  -  iPmwmiwnUaltam, 
Mandarin,)        [PnwUliumolitoixum. 
Cherry,    -     -     -    Penicillium  glaucum. 
(Botryti*  cinerea. 
\  Penicillium  glaucum . 


Walnut, 


He  then  arranges  them  according  to  their  occurrence,  beginning 
with  the  most  frequent : 

Penicillium.  glaucum  Link. :  on  stone-fruits,  pome-fruits,  grapes, 
walnuts,  especially  common  on  apples. 

Penicillium  italicum  Wehmer:  on  southern  fruits,  e.g.  citron, 
orange,  mandarin. 

Mucor  piriformis  Fiscb, :  on  pome-fruits,  particularly  on  pears. 

Botrytis  cinerea  Pers. :  on  grapes  and  walnuts. 

The  following  are  less  common  species: 

Penicillium  olivaeeum  Wehmer :  on  southern  fruits. 

Mucor  racemosus  Fres. :  on  plums. 

Mucor  stolonifer  Ehrenb. :  on  apples. 

Eipe  fruit  should  be  so  treated  as  to  remove  risk  of  infection  as 
much  as  possible.  This  is  done  by  storing  the  fruits  in  airy,  dry 
places,  and  in  loose  contact  with  each  other.  A  damp  atmosphere 
promotes  infection  and  facilitates  the  progress  of  rot.  All  decaying 
fruit  should  be  separated  at  once,  and  valuable  fruits  are  best 
isolated  by  wrapping  singly  in  tissue  paper  before  transportation. 

1  Davaine,  "  Recherchea  Bar  la  ponrritnre  des  fruits  et  ilea  vegetaux  vivante," 
Ctimpt.  read.,  lxiii.,  1866. 
'Wehmer,  Beitriige  x.   Kenntnitt  einheimUcher  Pilze,  Jena  (FUcher),  1895. 
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Species  of  fungi  included  in  this  group  are  the  cause  of 
those  black,  sooty  coatings  found  on  leaves  frequented  by  green 
fly  (Aphis)  and  other  leaf-insects.  These  are  purely  epiphytic 
and  saprophytic  forms  which  derive  nourishment  from  the 
"honey-dew"  excreted  by  the  insects.1  They  multiply  very 
rapidly,  and  soon  form  dark  coatings  on  the  upper  side  of 
leaves  and  twigs.  Little  damage  need  be  feared,  since  the 
leaves  retain  their  green  colour,  and  the  coating  is  not  enough 
to  stop  access  of  light.  Amongst  them  are  species  of  Cap- 
iwdium,  Meliola,  and  Apiosporium,  as  well  as  the  conidial  forms 
Fwmago,  Torula,  Antcnnaria. 

The  modes  of  reproduction  of  these  forms  are  exceedingly 
varied.  According  to  Zopf*  they  form :  (1)  ascocarps;  (2)  many- 
celled  large  conidia;  (3)  unicellular,  very  small  conidia;  (4) 
isolated  and  clustered  conidiophores ;  (5)  gemmae;  (6)  buds  in 
a  yeast-like  manner ;  while  every  fragment  of  a  mycelium  can 
produce  a  new  growth.  Any  of  the  species  may  frequent 
many  various  plants,  and  can  pass  easily  from  one  host  to 
another.     Some  of  the  better-known  forms  are : 

Capnodium  saliciimm  Mont.  (Britain).  This  occurs  on 
species  of  willow,  poplar,  hop,  and  many  other  plants. 

If  it  appears  early  and  abundant  on  hop  it  may  cause 
considerable  damage.     (Fumago  vagans  is  a  conidial  form). 

0.  quercinium  Pers.  on  oak.     (U.S.  America.) 

0,  taxi  Sacc.  et  Rouni.  on  Taxus. 

0.  foedum  Sacc.  (spermogonium  form  =  Chaetophovm  foeda). 
On  the  leaves  of  oleander.     (U.S.  America.) 

The  genus  Apiosporium  forms  similar  sooty  coatings. 

A.  pinophilum  Fuck.  This  covers  with  a  black  coating 
whole  twigs  and  leaves  of  silver  fir ;  the  needles  however  retain 
their  green  colour  completely.  (Antcnnaria  and  Torula  are 
forms  of  this.) 

A.  rhododendri  Fuck. ;  A.  ulmi  Fuck. ;  and  other  species. 

The  conidial  form  PtUicularia  which  produces  grey  coatings  on  the  coffee- 
plant  is  considered  among  the  Hyphoniyeetes. 

Species  of  Meliola  also  produce  sooty  coatings. 

M.  citri   Sacc.    and    M.    Penzigi  Sacc.    occur   on    Citrus   in 

1  Bllsgen,  Dcr  Htmigthau.     Biologiicht  Stiuiien  an  PJtaruen.     Jena  (Fischer). 
'Zopf,   "Die  Conidicnfoichte  v.  Fiimago."    -Vom  acta,  Bd.  40.     Also:  Zopf, 
Die  PUse ;  Toluene,  Select,  fiiig.,  III. 
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Southern  Europe  and  America.     Sooty  mould  of  the  orange  is 
also  ascribed  to  Oapnodium  citri  Berk,  et  Desni.1 

M.  camelliae  Catt.  on  Camellia  japonica.  According  to 
Briosi  and  Cavara,  this  causes  drying  up  of  the  leaves. 

Stemphylium  ericoctommi  Br.  et  Bary,  the  "  sooty-dew  "  of  indoor  heath a 
is  considered  amougst  the  Hyphomycetee. 

LasiobotryB. 

L.  Ionicerae  Kunze.8  The  perithecia  form  black  masses  on 
green  leaves  of  species  of  Lonicera.  If  these  be  removed  the 
epidermis  remains  uninjured,  except  for  a  slight  cavity  with  a 
lighter  green  colour  than  the  neighbouring  surface. 

Thielavia. 

Perithecia  spherical  and  without  an  aperture.  The  asci 
contain  eight  brown  unicellular  spores.  Paraphyses  absent. 
Conidia  and  chlnmydospores  are  formed. 

Thielavia  basicola  Zopf.8  This  is  the  only  species  of  the 
Perisporieae  which  causes  a  really  serious  plant-disease.  It  -is 
allied  to  the  Erysipheae,  and  produces  three  kinds  of  repro- 
ductive organs  on  the  underground  parts  of  plants  of  Lupine : 
(1)  Cylindrical,  delicate,  hyaline  ehlamydospores,  produced  in 
pistol-shaped  branches  of  the  mycelium.  (2)  Thick -walled, 
brown-coated,  resting  conidia  arranged  several  in  a  row,  like 
spores  of  a  Phragmidium.  (3)  Perithecia,  or  little,  spherical, 
permanently  closed,  brown  structures  with  ovoid  asci  containing 
eight  brownish  lemon-shaped  spores. 

A  white  coating  of  the  hyaline  conidia  is  first  formed,  then 
a  brown  coating  of  the  dark  conidia,  and  finally  perithecia. 
The  mycelium  bores  through  the  cell-walls  and  fills  first  the 
cells  of  the  cortex,  later  those  of  the  deeper  parenchyma  of  the 
host-root.  The  disease  of  the  root  soon  causes  a  stunting  of 
the  shoots  and  leaves,  finally  death  of  the  plant.  The  roots 
attacked  are  at  first  brown,  then  they  rot  and  become  detached. 

1  W.  G.  Farlow,  Bvtl.  Bitusey  hutilvte,  I.  1 876,  p.  404 ;  Swingle  and  Webber,. 
"  Disease  of  citrous  fruits,"  U.S.  Dept.  Agric.  Btilt.  8.  1898. 

*  Jaczewski  includes  Lanobolryt  with  the  CvaiTbitariaceae. 

JZopf,  "Ueber  die  Wurzelbritune  d.  Lupinen."  Ztitmhrtfl  f.  Pjkuutnkrank- 
heittn,  i.  p.  72. 
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The  fungus  has  been  observed  on  Lupinus  angvstifolivs,  L.  albus, 
L.  thermis,  Trigondla  coemdea,  Onobrychis  Crista  galli,  Pisum 
salivuvi,  Sentcio  elegant,  and  Cyclamen} 

Thielaviopsis  ethaceticua  Went.1  lias  been  given  as  the  cause 
of  a  sugar-cane  disease  in  Java. 

The  Tube  race  ae  form  a  third  sub-division  of  the  Perisporiaceae. 
The  group  includes  the  Tubereae  and  the  Elaphomycetes.  It 
contains  no  forms  injurious  to  plants. 

In  investigating  Mapkomyces  granulaiuB  and  E.  variegatus, 
Reess 3  found  that  it  not  only  formed  mycorhiza,  but  was .  also 
parasitic  on  the  roots  of  Pintts  and  destroyed  them. 


PYRENOMYCETES. 

The  ascocnrp  or  perithecium  of  the  Pyrenomycetes  is  a  closed 
structure  provided  with  an  opening  by  which  the  ascospores 
are  discharged.  The  ascocarp  of  the  Perisporiaceae,  as  has 
already  been  pointed  out,  has  no  such  opening.  The  inner  wall 
of  the  perithecium  is  clothed  with  (a)  the  asci,  (b)  delicate  fungal 
filaments.  Of  the  latter,  those  in  the  depth  of  the  perithecium 
are  known  as  paraphyses,  and  among  them  the  asci  originate ; 
others  around  the  sides  and  opening  of  the  perithecium  are 
the  periphyses,  which  grow  inwards  so  as  to  close  both  pore 
and  canal.  Perithecia  may  occur  isolated  or  massed  together, 
and  are  frequently  sunk  in  a  special  cushion  of  fungoid  tissue, 
the  stromata. 

The  Pyrenomycetes  may  also  produce  chlamydospores  and 
various  forms  of  pycnoconidia  and  free  conidia ;  these  also  are 
frequently  developed  on  special  stromata.  According  to  Brefeld's 
researches,  the  structures  so  well  known  as  spermogonia  with 
their  contained  spennatia  are  only  pycnidia  containing  conidia, 
which  have  in  many  cases  been  artificially  caused  to  germinate. 

The  Pyrenomycetes  include  a  large  number  of  forms  par- 
asitic on  all  parts  of  living  plants,  most  of  them  are  capable 
of  existing  for  some  part  of  their  lives  as  saprophytes,  and   as 

'Thin  fungus  is  described  as  causing  a  root-rot  of  Viola  odorala  in  U.S. 
America  {Connect.  Agric.  Exptr.  Stat.  Report/or  1891).     (Edit. ) 

'Went,  A  rehiqf  voor  de  Java-Stdktrindustrie.     1893. 

■Reess  anil  Fisch.,  "  Untersuch.  lib.  Bau  u.  LebenBgeecbichte  d.  Hirschtruffel. " 
Biblioilteea  botan.     Heft  7.     1887.     With  IUue. 
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a  rule  the;  reach  maturity  only  on  the  dead  remains  of  host 
plants.     Many  of  them  are  enemies  of  woody  plants,  and  the 
mycelium  of  some  can  live  in  the  elements  of  the  wood  itself, 
hence  they  constitute  a  dangerous  group  of  wound  parasites. 
The  Pyrenomyeetes  may  be  sub-divided  thus: 

1.  The  Hypocreaceae  having  soft  coloured  perithecia  often 
placed  several  together  on  a  stroma. 

2.  The  Sphaeriaceae  with  firm  dark-coloured  perithecia 
frequently  embedded  in  a  stroma. 

3.  The  Dothideaceae  with  perithecia  so  embedded  in  a 
stroma  that  they  have  no  distinct  wall  of  their  own. 

All  three  divisions  include  formB  parasitic  on  plants. 

(1)  HYPOCREACEAE. 
The  Hypocreaceae  consists  of  a  single  family  bearing  the 
same  name.  Of  the  seventeen  genera  contained  therein  only 
six  contain  plant  parasites,  viz. : — GMeretla,  Caloneetria,  Nectria, 
(including  NectrUlla),  Poly  stigma,  Opichloe,  Claviceps.  The  re- 
mainder are  saprophytic  only,  and  do  not  come  within  the 
scope  of  the  present  work :  they  are — Melanotpora,  Selinia, 
JSleutheromyccs,  Hypomyces,  Spkaeros&ilbe,  L&cndraea,  Hypocrea, 
Phonectria,  Barya,  Oomyces,  and   Cordyceps. 

Oibberella 

The  perithecia  have  a  transparent  blue  or  violet  colour,  and 
form  tufts  on  the  Btromata.  A  stroma  is  not  present  in  all 
the  species.  The  spores  are  light-coloured,  and  spindle-shaped 
or  oblong. 

0.  moricola  Ces  et  de  Not.  Passerini  gives  this  as  the  cause 
of  a  disease  of  young  twigs  of  mulberry. 

G.  pulicarii  (Fr.)  is  very  frequently  found  on  trees.    (Britain). 

Oalonectria. 

The  perithecia  are  yellow  or  red,  and  occur  isolated  or  several 
together.  The  asci  contain  spores  composed  of  three  or  more 
cells,  rarely  of  one  cell. 

0.  pychroa  Desm.  causes  death  to  young  leaves  of  planes 
(esp.  P.  ocrirtaitalis) ;  it  also  multiplies  by  means  of  conidia 
(Fumrium  platani). 
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Nectria. 

Perithecia  yellow  or  red  in  colour,  and  generally  produced 
in  close  tufts  on  stromata  of  the  same  colour.  The  asci  con- 
tain eight  bicellular  spores  and  few  or  no  paraphyses.  Conidia 
of  various  kinds  and  shapes  are  also  produced. 

Nectrina  tinnabarina  Fr.1  (Britain  and  U.S.  America).  The 
bright-red,  button-shaped  conidial  cushions  of  this  fungus  may 


thocla  on  the  dead  bark  of  n  .tm-llvlng  branch  (magnifiud).     Light-coloured  cuahlune 

■tern   at    Elm.      Infection  hu  evidently  of  conldlopuorea  with  oonldi*  are  broaklngout 

begun  at  the  wound  of  a  uut  branch  near  towitrde  the  upper  end,  and  colonlcn  of  nurd 

the  middle,  and  extended  outwards,    (v.  rod  perithecia  toward,  the  lower  end.    (After 

Tubcuf  phot.)  TuLune.) 

be  found  almost  at  any  time  on  the  dead  branches  of  many 
deciduous  trees,  eg.,  Aesculm,  Acer,  Til-ia,  Moms,  Ulwius,  etc.; 
also  on  Lonicera,  Sambucus,  Robinia,  and  Pyrus,  in  America.1 

1  Tulaane,  Sekct  fang.,  1866. 

'Behrene  {Ztittch.  f.  P/tanzenkrankkeiten  (1895)  ascribe*  to  Necti-ia  the  very 
common  tuberous  swellings  on  tbe  twigs  of  Abiei  balsamea  ;  these,  however, 
may  arue  without,  the  agency  of  the  fungus. 
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The  dark-red  masses  of  thick-coated,  warty  perithecia  appear 
iD  autumn  and  winter  on  the  dead  blanches  only ;  the  asci 
contain  eight  bicellular  hyaline  spores  which  germinate 
directly  to  form  a  mycelium.  Infection  of  a  new  host-plant 
is  effected  by  the  mycelium,  which  enters  by  open  wounds  into 
living  branches ;  it  is  quite  unable  to  penetrate  the  living 
bark  and  is  dependent  on  wounds.  The  mycelium  spreads 
rapidly  through  the  tissues  of 
the  host,  especially  through  the 
vessels  of  the  wood ;  the  cam- 
bium and  rind  are  not  attacked 
directly,  but  are  killed  in  conse- 
quence of  the  destruction  of  the 
wood.1  The  regions  attacked 
in  the  wood  appear  as  greenish 
stripes,  and  withering  of  leaves, 
followed  by  death  of  branch 
after  branch,  results  in  conse- 
quence of  the  growth  of  mycelium 
in  the  water-conducting  elements 
of  the  wood. 

For  protection  against  this 
and  all  other  parasites,  which 
find  entrance  by  wounds,  it  is  recommended  to  prune  or  dress 
trees  only  when  necessary,  and  to  paint  all  wouuds  with  tar 
or  tree-wax.  This  Nectria  is  one  of  the  commonest  parasites 
of  our  parks  and  fruit  gardens,  hence  all  branches  already 
attacked  should  be  removed  and  burned,  likewise  all  blown 
timber  which  might  serve  as  a  nursery  for  production  of 
spores  or  conidia. 

Nectria  ditissima  Tul.  (Britain  and  U.S.  America).  This 
is  a  common  parasite  and  a  frequent  cause  of  the  canker  of 
beech,  apple,  and  other  trees.8  The  mycelium  lives  chiefly 
in  the  bark,  causing  it  to  die  and  form  cracks.  Under 
ordinary    conditions    all    cracks    and    fissures    are    occluded  or 

1  Mayr  in  Hartig's  UnttTsuchvngtn  a.  d.  Jonri-botcm.  Inttitut  iti  Miinchen,  m. 
Berlin,  1882.     Brick,  Arbetien  d.  bolan.  Mwteitma,  Hamburg,  1892. 

Wehtner  {Zeilxrh.  /.  P/lararnkraakkcitm ,  1894  md  1895),  opposes  Mayr's  con- 
clusions and  holds  that  Nectria  can  penetrate  intact,  living  bark. 

1  Goethe,  "  Ueber  Krebe  d.  Apfelbiiume,"  Bkein.  Bfatf.  Obtt.,  ff'fiii,  «.  Oar- 
ieiibait,  1879.     R.  Hartig,  Unltrmeh,  avs  d.  fortit-botan.  Initilut.  in  Mtlncheu,  I. 
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grown  over  in  course  of  time  by  the  activity  of  neighbour- 
ing living  tissues,  but  the  rapid  development  of  the  mycelium 
of  this  Nectria  prevents  any  such  healing,  and  brings  about 
death  of  more  bark.     As  a  result  the  so-called  "  cankers  "  are 


produced.  The  mycelium  at  first  gives  off  tiny  unicellular 
conidia  on  the  bark,  then  later  white  cushions  bearing  fine 
conidiophores,  from  which  are  abjointed  multicellular  conidia, 
shaped  like  a  sickle.  Infection  is  brought  about  by  the 
germination    of    spores    or    conidia    on    wounded    parts   of    the 
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bark,1  and  even  on  young  unfolding  leaves.  The  red  lemon- 
shaped  perithecia  break  through  the  bark  as  compact  patches. 
They  are  distinguished  from  the  perithecia  of  N.  dnnabarina 
by    their    smooth    exterior    and    their    smaller   aaci    and    asco- 


Combative  measures  to  be  used  are  plentiful  dressing  of 
wounded  places  with  tar,  and  the  burning  of  all  infected 
material. 

Nectria  cucurbitula  Fr.!  (Britain  and  TJ.S.  America).  This 
parasite  on  conifers  generally,  is  particularly  injurious  to  spruce 
(Picea).  It  enters  the  host  by  wounds,  such  as  those  caused 
by  the  caterpillars  of  the  Bpruce  moth  (Graphotitka  pactolana), 
or  by  hail.  The  mycelium  lives  chiefly  in  the  bark  and  bast; 
during  the  active  growth  of  these  tissues  further  extension  of 
the  mycelium  is  almost  completely  hindered  by  the  formation 
of  a  secondary  cork,  but  in  the  resting  periods  of  these  tissues 
of  the  host,  new  hyphae  are  rapidly  produced.  Reproduction 
is  brought  about  by  little  unicellular,  and  larger  multicellular 
sickle-shaped  conidia  produced  on  conidiophores.  The  mycelium 
frequently  proceeds  as  soon  as  formed  to  give  off  the  smaller 
variety  of  conidia.  The  dark-red  perithecia  are  produced  later 
on  the  same  stromata  as  the  conidia.  The  asci  contain  eight 
bicellular  spores ;  the  paraphyses  are  very  delicate  and  slightly 
branched. 

The  fungus  sometimes  occurs  epidemic  in  spruce  plantations, 
and  may  be  the  cause  of  many  deaths.  According  to  Magnus, 
the  larch  and  cembran  pine  may  also  be  attacked.  As  a  pre- 
ventive measure  all  dead  parts  should  be  cut  out  and  burned. 

Nectria  Boussoliana  Tul.  lives  in  and  kills  leaves  of  the 
box  {JBuxui). 

Nectria  pandani  Tul.*  is  said  to  be  the  cause  of  a  disease 
ou  Pandemia,  also  ascribed  to  Melanconinm  pandani.  The 
Bandana*  disease  has  been  reported  from   the  Botanic  Gardens 

1  Young  forests  in  districts  subject  to  hailstorm,  (e.y.  on  the  lower  Alp* 
ul  Bavaria),  may  become  completely  infested  with  Ifcctria  through  hail- wound*. 
(Edit.) 

-R.   Hartig,  Unterew.h.  am  d.  foTtt-bcUm.,  InVtitU.  L,  1888. 

3 .Schroeter  {"Ueber  die  Stammfaule  d.  Pandanene,"  Cohn'*  Stitr.  z.  Biol.  d. 
/'Hanzfii.  Bd.  I.,  18S5)  suggests  that  this  Meltmconium  is  a  conidial  form  of 
Xf.rtria.  Daring  the  investigation  of  a  case  of  a  Pandanna  killed  in  the  Palm 
House  at  Edinburgh  Botanic  Garden,  J.  H.  Bun-age  found  both  forms  present 
an- 1  agreeing  in  order  of  development  with  Schroeter's  observations.     (Edit.) 
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of  Breslau,  Berlin,  Paris,  Kew,  Glasnevin  (Dublin),  and 
Edinburgh. 

Nectria  ipomoeae  Hals.1  Stem-rot  of  egg-plant  and  sweet 
potato.  In  America  this  attacks  young  growing  plants,  and 
causes  stem- rot.  The  Fusarium- stage  developes  as  a  white 
mouldy  coating  on  the  withered  stem,  and  is  followed  later 
by  flesh-coloured  clusters  of  perithecia. 

Poly  stigma. 

On  the  leaves  of  species  of  Pntnus,  one  finds  bright-coloured 
spots,  these  are  the  stromata  of  this  family,  and  in  them 
are  embedded  pycuidia  containing  hook- 
shaped  conidia.  Perithecia  embedded 
in  a  similar  manner  are  developed 
after  the  fall  of  the  leaves,  they  contain 
nsci  with  eight  unicellular  elliptical 
spores,  which  are  expelled  on  reaching 
maturity  in  spring. 

Polyatigma  rubrum  (Pers.)  (Britain 
and  U.S.  America).  This  appears  as  red 
circular  spots  on  the  leaves  of  plum  and 
sloe.  Micropycnidia  are  developed  in 
summer  on  the  under-surface  of  the  leaf 
and  give  rise  to  curved  conidia.  The 
perithecia  begin  their  development  in 
summer,  but  only  reach  maturity  in  the 
following  spring,  after  the  leaves  have 
fallen  from  the  tree    and    lain    on    the 

ground  over  winter.  The  asci  are  club-  Fl0.  Si.-p0,y„ifma  m^™ 
shaped,  long-stalked,  and  contain  eight  ^jw'^^^JStawiSinJSS 
spores,  which  are  set  free  in  succession  £S&  £w2TSES!k  j~5 
from  April  to  June.  Germination  ensues  SriS^™.0!^"^}11"* 
on    young    leaves,    and    in    six    weeks 

pyenidia  reappear.  A  variety,  "Amygdali  Desm,,"  is  found  on 
the  leaves  of  the  almond  (Amygdalus  communis). 

Frank    and    Fisch    found    in    connection    with    P.    rubrum, 

certain    hyphae    which    they    designate    as    trichogynea,    while 

they    regard    the    small    form    of   conidia    as    spermatia    which 

'  Description  and  illnitntioiu  in  N.  Jersey  Agrk.  Exptr.  Station  Report,  1891. 
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fertilise  the  trichogyne  and  cause  it  to  develop  as  an 
ascogonium. 

P.  ochraccum  (Wahlenb.)  (P.  fulvum  D.  C.)  causes  yellowish- 
red  spots  on  leaves  of  Pranus  Padue. 

P.  obscurum  Juel.  produces  thickened  leaf-spots  on  Astragalus 
alpin-us  and  A.  oroboides;  on  the  under  side  these  are  whitish, 
on  the  upper  side  they  show  the  spermogonia  as  red  points. 

The  damage  caused  by  Polystigma  is  easily  kept  in  check 
by  burning  infected  leaves  in  autumn. 


EpicMcA 

The  stromata  form  on  the  stems  of  grasses  yellowish  mould- 
like coatings  in  which  the  flask-shaped  perithecia  are  embedded. 


The  asci  are  cylindrical,  and  contain  eight  thread-like  unicellular 
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spores.  The  formation  of  perithecia  is  preceded  on  the  same 
stroma  by  that  of  conidia.1 

Epichloe'  typbina  Tul.  (Britain  and  U.S.  America).  This 
may  be  found  on  many  grasses  as  a  mouldy  coating  which 
surrounds  the  haulms  and  causes  withering  of  the  parts  above 
it.  The  fungus  not  unfrequently  attacks  such  fodder-grasses  as 
Dactylis,  Poa,  and  Pkleum  praetenae,  causing  severe  loss  where  these 
crops  are  much  grown.  On  the  white  stromata  conidiophores  are 
produced,  and  from  them  small,  ovate,  unicellular  conidia  are 
abjointed.  These  are  followed  later  by  perithecia  embedded  in 
the  same  stromata.  The  asci,  of  a  somewhat  yellowish  colour, 
are  long  with  button-shaped  apices  and  contain  eight  thread- 
like spores. 

Ep.  Warburgiana,  Magn.!  is  an  interesting  species  found  on  arrowroot 
{Marinta)  in  the  Philippines. 


Claviceps. 

The  sclerotia  are  black  horn-like  bodies,  and  on  them  the 
stromata  are  developed  as  stalked  structures,  with  spherical 
heads,  in  which  the  flask-shaped  perithecia  are  embedded.  The 
asci  contain  eight  thread-like  spores. 

Claviceps  purpurea  (Fries')  (Britain  and  U.S.  America). 
This  fungus  becomes  most  apparent,  when  in  the  stage  of 
the  well-known  "Ergot"  grains,  bluish-black  curved  sclerotial 
bodies  in  which  the  mycelium  perennates  over  winter.  Ergot 
is  found  in  the  ears  of  our  cereals,  especially  in  rye,  also  in 
other  cultivated  and  wild  Gramineae.  The  sclerotia  fall  into 
the  ground  direct,  or  are  sown  out  with  the  seed,  and  in 
spring  or  early  summer  produce  a  large  number  of  stromata, 
each  consisting  of  a  violet  stalklet  carrying  a  reddish-yellow 
head.  The  ovoid  perithecia  are  completely  buried  in  the  head 
of  the  stroma,  and  contain  the  asci,  each  with  eight  thread-like 
ascospores.  The  spores,  after  ejaculation,  germinate  on  flowers 
of  Gramineae,  and  the  septate  mycelium  developes  in  the  outer 

'Atkinson,  G.  F.  {Tomy  Club  Bulletin,  1894,  p.  223),  propose*  a  revision 
of  the  species  of  Epichloe  and  other  species  of  N.  American  graminooolom 
Hypoertaetae.     {Edit.) 

'Magnus,  Internal.  Bol.  Congresi,  18412. 

'Tulnsne,  Annul,  d.  tei.  natur.  3  se>.  XX.  Kuhn,  Mitthtilunijtn  d.  land- 
tnrth.  InstittU.     Halle,  1863. 
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coats  of  the  ovary,  till  gradually  but  completely  it  fills  up  the 
whole    cavity.      Outside    the    ovary    the    mycelium    forms    an 


irregular  wriukled  white  stroma  or  sphacelia,  from  the  hollows 
and  folds  of  which  little  ovoid  conidia  are  abjointed  from  short 
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conidiophores.  A  very  sweet  fluid,  the  so-called  "  honey-dew," 
is  separated  from  the  sphacelia ;  this  attracts  insects,  which 
carry  the  conidia  to  other  flowers.  Since  the  conidia  are 
capable  of  immediate  germination,  and  give  rise  to  a 
mycelium  which  penetrates  through  the  outer  coat  of  the 
ovary,  the  disease  can  be  quickly  disseminated  during  the 
flowering  season  of  the  grasses.  After  the  formation  of  conidia 
has  ceased,  the  sclerotia  become  firmer,  with  a  dark  wrinkled 
cortical  layer  and  an  internal  firm-walled  pseudoparenchymatous 


Fib.  BS.— Claiiupi  jiurjiitria.  A,  Sclerollum  with  sovon  itromata  lei).  », 
median  longitudinal  section  through  the  upper  part  of  a  struma,  the  flask-shaped 
poritliecis  {cp)  ore  embeddod  in  the  head.  C,  Psritheeium  In  longitudinal  saction 
[highly  magnifled)— *y,  hyphal  tissue ;  th,  cortiesl  tissue  uf  thestroms  ;  cu,orifi« 
of  the  perithocluin.  D,  Isolated  ucm  ruptured,  so  that  the  thread-like  asco- 
■poree  (ip)  have  begun  to  escape.    (After  Tulaine,  from  Sach's  Lihrlaick.) 

hyphal  tissue.  In  this  condition  they  are  introduced  along  with 
grain  into  bread,  which  when  eaten  acta  as  a  powerful  poison, 
producing  very  serious  results  (Ergotism).  The  sclerotia  are 
also  used  medicinally,  and  are  collected  for  this  purpose  (Secalt 
cornutum). 

Robert  (Frohner,  Lekrbuch  der  Toxikologie  far  Thierttrtee,    1890)  states 
that  Ergot  contains  three  poisonous  agents  : 

(1)  Cornutin,  an  alkaloid  which  produces  that  particular  effect  of  ergot 
in  causing  contraction  of  the  uterus. 

(2)  Sphacelic  acid,  a  non-nitrogenous,   resinous,  non-cry stallizable  sub- 
stance,   insoluble    in    water  and  dilute  acids,  but  soluble  in  alcohol,  and 
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forming,  with  alkalieB,  salts  soluble  in  water.  This  is  the  real  cause  of 
ergot  poisoning  and  gives  rise  to  gangrene.  In  large  doses  it  produces 
cramp  similar  to  strychnine,  and  tetanus  of  the  uterus. 

(3)  Ergotie  acid,  a  nitrogenous,  easily  decomposed  glycoside,  which  has 
no  effect  on  the  uterus.  It  is  more  a  narcotic  which  diminishes  reflex 
excitability  and  finally  stops  it. 

Kobert  experimented  chiefly  with  cattle  and  fowls.  He  found  that  an 
acute  course  of  the  poisoning  can  be  distinguished  from  a  chronic ;  also  a 
gangrenous  ergotism  from  a  spasmodic.    The  symptoms  of  the  disease  are : 

(1)  Gastro- enteric,  an  excessive  salivation  accompanied  with  redness, 
blistering,  inflammation,  wasting  and  gangrenization  of  the  mouth- epitheliu 


similar  changes  also  o 
colic,  and  diarrhoea. 


ii  the  epithelium  of  the  gut,  producing  vomiting, 

(2)  Gangrenization  and  mummifica- 
tion of  extremities,  consisting  of  a 
drying-up,  a  dying-off,  and  a  detach- 
ment of  extremities,  such  as  nails, 
ears,  tail,  wings,  claws,  toes,  and  point 
of  tongue. 

(3)  Spasmodic  contraction  of  the 
uterus  and  consequent  abortion. 

(4)  Nervous  phenomena  such  as  in- 
sensibility, blindness,  paralysis,  etc 
The  presence  of  ergot  may  be  de- 
tected both  microscopically  and  spec- 
troscopically, 

The  fungus  may  be  combated 
by  careful  separation  and  de- 
struction of  sclerotia,  and  by  the 
use  of  clean  seed.1 

Claviceps  microcephala 
(Wallr.)  (Britain).  This  is  found 
on  Phragmites,  Molinia,  Nardiis, 
etc.  It  has  smaller  sclerotia, 
which,  according  to  Hartwich,2 
contain  three  times  as  much 
Ergotin  as  those  of  CI.  purpurea. 


■Smith    {Dixtastx    of  field   and   yardtn    crops.      1894.      p.    233)   d< 
figures  Claviceptt  purpurea  far.    Wilmni  on  Glyctria  fluUana  near  Aberdeen, 
is  distinguished  "  in  tiehig  whitish  or  yellowish,  instead  of  being  pale  purple  in 
colour,  and  in  the  perithecia  or  conceptacles  being  almost  free  on  an  elongated 
club-like  growth  instead  of  being  immersed  in  a  globular  head  or  stroma." 

'Hartwich,    "Sclerote  du  Molinia  coernlea."    Bullet,  rfe  la  Soc.  Jlycolog.  de 
Fraud:     1895. 
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01.  nigricans  (TuL)  on  Heleocharis  and  Scirpvs,  with  sclerotia 
of  a  dark  violet  colour  (Britain). 

CL  ietuloio  (Quel.)  on  Poa.     Stromata  atraw -yellow  in  colour. 
CI.  pusilla  Ces.  on  Andropogon  Iichatmum. 


(2)  SPHAERIACEAE. 

The  group  of  the  Sphaeriaceae  includes  eighteen  families, 
,but  only  the  following  contain  parasites  of  interest  to  us. 

Families:  Trichosphaerieae,  Melanomeae,  Ampkisphaerieae, 
CucurbitarUae,  Sphaerelloideae,  Pleosporeae,  Gnomonieae,  Valseae, 
Diatrypeae,  and  MdaneonuUae. 

TRICHOSPHAERIEAE 

(including  Coleroa  and  Herpotrichia). 

Coleroa. 

The  perithelia  have  thin  walls  with  radiating  bristles,  and 
sit  superficially  on  the  substratum.  The  asci  have  thickened 
apices,  and  contain  eight  two-celled,  faintly  coloured  spores. 

Coleroa  chaetomium  Kunze,  occurs  on  living  leaves  of 
Sub  us  eaesius  and  R.  Idaeus.  In  addition  to  perithecia,  it 
forms  conidia  known  as  Mwsporium  rubi  Nees. 

0.  alchemillae  Grev.  (Britain  and  U.S.  America).  On  leaves 
of  Alchemilla   vulgaris. 

0.   andromedae  Kehm.     On  leaves  of  Andromeda  polifolia. 

G.  potentillae  Fries  (Britain  and  U.S.  America).  Leaves  of 
Potent  ilia  antenna.  It  forms  perithecia  which  are  situated 
on   the  leaf-ribs ;    also  conidia  (Marsonia  potentillae). 

G.  aubtilis  Fuck.    On  leaves  of  Potentilla  cinerea. 

0.  circinans  Fries.  On  leaves  of  Geranium  rotundifolium  and 
G.  inolle. 

C.  petasitidis  Fuck.      On  leaves  of  Petaaites  officinalis. 

Trichouphaeria. 
Perithecia  small,  spherical  or  ovoid,  and  more  or  less  hairy. 
Paraphyses  distinct.     Spores  with  one,  two,  or  four  cells. 

We  give  this  genua  a  wider  scope  than  Winter,  and  include  species  with 
one,  two,  and  four-celled  spores  of  hyaline  or  light  colour,  and  whose 
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other  characters  coincide ;    this  seems  to  be  all  the  more  justifiable  since 
one  finds  on  the  same  species  asci  with  spores  made  up  of  one,  two,  or 

four  cells. 

Trichoapliaeria  parasitica  Hartig.1  (Britain  and  U.S. 
America.)  Everywhere  in  young  naturally  regenerated  woods 
of  silver  fir,  especially  in  damp  places  or  where  the  plants 
are  crowded,  one  finds  partially  browned  needles  hanging 
loosely  from  the  twigs,  held  only  by  a  fine  white  mycelium 
(Fig.  87).  In  addition  to  thia,  one  finds  in  spring  young, 
twigs     completely    enveloped     in     mycelium,    with     all     their 


Fro.  87.— Tricho4phatria  paralitica  on  Sll 
nosdlw  hang  looMly  downwsrda,  attached  te 
(t.  Tubeuf  phat) 

needles  killed,  so  that  the  twig  itself  Boon  dies.  The  white 
mycelium  grows  especially  on  the  under  side  of  the  shoot, 
and  on  the  lower  epidermis  of  the  horizontal  needles.  A 
pseudoparenchyma,  consisting  of  layers  of  mycelium,  is  there 
laid  down,  the  lowest  layer  of  hyphae  sending  short  cone- 
shaped  hauBtoria  into  the  walls  of  the  epidermal  cells  (Fig.  88). 
Inside  the  needles,  occupying  the  intercellular  spaces,  there 
are  numerous  branches  of  septate  hyphae,  which  kill  the  cells 
of  the  leaf.  The  perithecia  occur  here  and  there  on  the 
mycelial  coating  outside  the  leaf;  they  are  spherical  and 
blackish,  with   radiating  hairs.     They    contain    paraphyses  and 


"Eta   neuer    Paraait  d.    WeiasUnne."     AUtg.   Forit.-u.   Jagd- 
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asci,  the  latter  with  eight  four-celled  light-grey  spores,  which 
germinate  directly  and  distribute  the  fungus  over  new  host- 
plauts. 

I  found  this  same  fungus  on  Tsuga  canadensis '  at  Baden- 
Baden,  and  on  spruces  in  several  parts  of  the  Bavarian  forests.8 
It,  however,  rarely  attacks  spruces,  although  they  often  occur 
in  the  same  forest  with  firs.  One  of  the  cases  of  infection 
referred  to  above  was  caused  by  the  diseased  branch  of  a  fir 
lying  in  contact  with  a  twig  of  the  spruce,  so  that  the  mycelium 
grew  from  the  one  to  the  other ;  the  spruce  needles  were  killed, 
and  woven  on  to  the  twig  by  hyphae. 


*8. — TrieMotp\atrio  paralitica.     Mycelial  cushion  on  lower  aide  ( 

to  produce  a  cushion  of  parallel  hyphae,  c.     Where  the  mycelium 
.derail,  rod -like  taaiutorla  ire  eunk  Into  the  outer  wall  of  the  epld. 


(After 

In  woods  of  young  silver  fir  naturally  regenerated,  this  fungus 
causes  great  damage  by  killing  numerous  twigs.  It  occurs  every- 
where in  young  fir  forests,  e.g.  the  Alps,  Bavarian  forests,  the 
Black  Forest,  etc  On  dry  airy  situations,  on  free-standing 
trees,  and  on  the  highest  branches  of  a  tree,  it  is  rarely  present. 

1  v.  Tubeuf,  Btitrdge  £.  Ktnnln.  d.  Baumkran&AeiUn,  Berlin  (Springer),  1888. 
■v.    Tubeuf,   " Triohotphaeria    parasitica  der  Fichte."    Botan.    Ctntraiblatl, 
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Its  injurious  effects  can  be  minimized  by  removal  of  attacked 
branches. 

Trichosphaeris  sacchari  Maseee,  is  regarded  as  a  dangerous  wound 
parasite  of  cane-sugar  in  the  Antilles ;  it  seems  to  obtain  entrance  chiefly 
by  the  canals  left  by  a  caterpillar.1 

Herpotrichia. 

The  smooth  dark  perithecia  bear  long  brown  hairs,  which 
do  not   stand   erect   and   stiff,   but   are   more  or   less   prostrate. 


Fio.  6fl.— Htrpetrkhia  nigra  on  a  branch  of  Pinm  nonCana.  The  ends  of  the 
twlga,  with  meet  of  the  younger  needle*,  ere  etlll  green  ;  the  others  we  dead  and 
felted  together  by  hyphae  Into  a  black  mus.    (v.  Tubeuf  phot) 

The  asci  contain  eight  spores,  at  first  generally  two-celled,  later 
becoming   four-celled. 

■Maasae  O,,  Annals  of  Botany,  1893,  p.  SIR. 

Barber,  "Experimental  Cultivation  in  St.  Kit-to,"  Leonard  Islands  OautU, 
1694. 
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Herpotrichia  nigra  Hartig.1  This  parasite  is  distinguished 
by  its  grey  mycelium,  which  covers  and  completely  envelops 
twigs  and  young  plants.  On  the  dwarf  mountain  pine  it  is 
not  uncommon  to  find  branches  bearing  patches  of  blackened 
needles  closely  bound  together  by  gossamer  threads,  the  other 
parts  remaining  still  green  and  forming  a  background  against 
which  the  blackened  masses  show  up  prominently  (Fig.  89). 
Young  spruce  plants  under  a  metre  in  height  and  the  lower 
branches  of  taller  trees  are  frequently  completely  enveloped  in 
mycelium,  and,  where  they  have  been  pressed  down  to  the 
ground  by  weight  of  Bnow,  the  twigs  may  be  woven  round 
and  fastened  to  the  earth  by  a  felt  of  mycelium. 


Fin.  90.—  Hirptlrichia  nigra,     a,  hyphna 
Media  and  forminB  tabar-lik     " 
utomata;  rod -Ilk. 


I  have  frequently  observed  the  fungus  on  Junipervs  com- 
munis, especially  in  Bavarian  forest-land,  and  on  Juniperus 
Tiana  in  the  Alps.  Professor  Peter  found  it  on  the  latter 
host  in   Sweden. 

The  spherical  dark-coloured  perithecia  are  covered  with 
prostrate  hairs,  and  contain  asci  with  eight  four-celled  spores. 
The  spores  germinate  directly  to  hyphae.     The  mycelium  closely 


1  K.  H&rtig,  "  Herpotrichia  nig 
v.  Tubeuf,     "  Mittheilnng    lib 
Jagd-Zeitung,   1887. 
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envelops  the  needles  and  sends  out  hanstoria  similar  to 
Trichospkaeria  parasitica  (Fig.  90). 

HerpotTickia  is,  in  high-lying  situations,  a  very  dangerous 
enemy  of  young  spruces,  and  nurseries  in  such  places  have 
frequently  to  be  abandoned  owing  to  the  death  of  all  the 
plants.  Serious  damage  also  frequently  results  in  young  planta- 
tions where  snow  lies  long  and  keeps  the  young  trees  pressed 
down  towards  the  earth.  Then  the  fungus,  even  under  the 
snow-covering,  weaves  rouud  and  fixes  the  shoots  so  firmly 
together,  that  only  the  healthy  ones  are  able  to  free  themselves 
again  and  to  resume  their  growth  in  spring. 

As  preventive  measures,  nurseries  should  not  be  established 
in  high  situations,  nor  in  valleys  where  there  is  a  large  snow- 
fall ;  while  in  localities  liable  to  attack,  the  planting  of  young 
trees  in  basins  or  cups  (hole-planting)  should  be  avoided.  The 
loss  from  crushing-down ,  by  snow  may  be  lessened  by  laying 
trunks  and  branches  of  felled  trees  amongst  the  young  plants, 
and  by  going  over  them  in  spring,  raising  up  all  prostrated 
plants. 

MELANOMEAE. 

Rosellinia. 

The  perithecia  generally  occur  in  numbers  together;  they 
are  black,  and  smooth  or  studded  with  bristles.  The  asci 
contain  eight  oval,  spindle-shaped,  dark-coloured,  one-celled 
spores.     Filamentous  paraphyses  are  always  present. 

Rosellinia  qucrcina  Hartig.1  The  oak-root  fungus.  This 
fungns  lives  in  the  roots  of  oak  seedlings  one  to  three  years 
old,  and  causes  the  leaves  and  shoots  to  become  pale  and  to 
dry  up.  It  spreads  only  during  damp  weather,  especially 
in  June,  July,  and  August.  In  wet  years  it  may  cause  very 
serious  damage,  especially  in  seed-beds.  The  mycelium  pene- 
trates into  the  living  cells  of  the  root-cortex,  extending  even 
to  the  pith.  At  first  the  mycelium  is  hyaline,  but  later  it 
darkens,  and  the  hyphae  become  twisted  together  into  spun 
thread-like  strands — the  rhizoctonia.  These  structures  apply 
themselves  to  roots  of  neighbouring  plants,  and  soon  enclose 
them    in    a   weft    of   hyphae ;    by    this    means    the    disease    is 

1 R.  Hartig,    Unttrntch.  aim  d.  foritbotim.  Instktd  zu  M&nchen,  Berlin,   1888. 
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propagated  through  the  soil  from  plant  to  plant.  There  is  a 
resting- stage  in  the  form  of  chambered  sclerotia,  black  tuber- 
like  bodies  which  have  their  origin  in  the  cortical  parenchyma 
of  the  roots  and  break  out  through  the  cortex.  Reproduction 
is  effected  throughout  the  summer  by  means  of  conidia,  pro- 
duced from  a  mycelium  which  vegetates  on  the  surface  of  the 
soil ;  this  mycelium  bears  conidiophores  with  whorled  branches, 
from  which  the  conidia  are  abjointed. 

The  perithecia  are  spherical  structures  composed  of  hyphae 
with  walls  which  swell  up  in  a  gelatinous  manner.  At  first 
the  inside  of  the  perithecium  is  a  gelatinous  mass  containing 
the  paraphyses  and  the  rudiment  of  the  ascogonium.  As  the 
asci  are  developed,  they  push  their  way  into  the  gelatinous 
mass  amongst  the  paraphyses.  Each  ascus  is  a  long  club- 
shaped  tube,  the  apex  of  which  is  thickened  and  stains  blue 
with  iodine,  showing  at  the  same  time  a  canal  piercing  it. 
The  aacospores  are  canoe-shaped  with  sharp  ends,  and  when 
mature  have  a  dark  brown  colour.  The  spores  germinate  in 
spring ;  in  water-cultures  germ-tubes  are  emitted  twenty-four 
hours  after  sowing.  The  spores  open  by  a  longitudinal  slit,  and 
a  germ-tube  emerging  from  each  end  branches  into  a  mycelium 
which  soon  takes  on  the  form  of  a  rhizoctonia-strand.  Infection 
takes  place  through  the  tender  non-cuticularized  apices  of  roots. 

The  fungus  may  be  combated  if  diseased  portions  of  seed- 
beds are  isolated  by  means  of  trenches  dug  round  them.  If 
boards  soaked  in  carbolic  acid  or  coal-tar  are  placed  upright 
in  the  trenches,  greater  certainty  will  be  secured  that  the 
disease  does  not  spread. 

Several  species  of  Rhizoctwiia,  probably  related  to  the  above, 
may  now  be  briefly  considered, 

Bhuoctonia  violacea  Tul.1  (U.S.  America).  Root-fungus  of 
lucerne  and  clover.  The  presence  of  this  disease  is  shown  in 
summer  by  the  plants  withering,  and  finally  dying.  The  mycelium 
lives  inside  the  roots,  and  covers  them  externally  with  violet 
coatings  on  which  the  sclerotia  appear  as  black  tubers. 

On  plants  with  sclerotia,  Fuckel  found  pycnidia  and  perithecia  of 
Leptotphaeria  (Tremato«phaeria  or  Sytrolhenum)  cirrinam ;  whether  the 
various  forme  were  related  could  not,  however,  be  determined. 

1  Roatrup,  Cndrrtotgthe.r  i 


loMizedb,  Google 


202  ASCOMYCLTES. 

The  disease  spreads  through  fields  in  a  centrifugal  direction 
from  a  starting-point  Besides  the  above  plants,  it  is  also 
said  by  Kiihn  to  attack  carrots,  sugar-beet  and  mangolds, 
fennel  and  potatoes;  and  Tulaane  gives  asparagus  and  red 
clover  as  hosts.  Frunet '  believes  that  the  fungus  remains 
three  years  in  the  soil,  and  recommends  that  diseased  fields 
should  not  be  cropped  with  lucerne  or  clover  for  several  years. 
He  also  advises  the  isolation  of  infected  land  by  surrounding 
it  with  a  deep  trench  in  which  sulphur  is  strewn,  then  covered 
over  with  soil.  The  enclosed  plot  should  next  be  deeply 
trenched  between  June  and  August,  and  all  plant-remains 
removed  and  burnt 

Bh.  crocornm  T).  C.2  The  Saffron  destroyer.  This  parasite 
attacks  and  kills  corms  of  the  saffron  (Crocus  sativus).  The 
mycelium  finds  entrance  by  the  stomata  of  healthy  corms, 
and  covers  them  externally  with  a  web  of  violet-coloured 
mycelium. 

Bb,  eolani  Kuhn.  occurs  as  black  sclerotia  on  the  skin  of 
potato-tubers. 

Eh.  batatas  Fr.  occurs  in  America  on  sweet  potato. 

Eh.  allii  Grev.  occurs  on  tubers  of  slialot  (Allium  ascalonicum) 
and  onion    (A.   sativum). 

Eh.  betae  Kuhn  is  said  to  attack  beet-root  in  America.8 

We  may  also  consider  at  this  place  : 

Dematophora  necatrix  Hartig.1  The  vine-root  fungus. 
This  parasite  causes  a  very  destructive  disease  of  the  vine, 
and  is  often  confused  with  attacks  of  the  Phylloxera-insect. 
It  occurs  in  the  United  States,  and  is  common  throughout 
France,  Switzerland,  Italy,  and  South-west  Germany,  being 
known  under  a  variety  of  names.8  Occasionally  it  has  been 
known  to  attack  the  roots  of  fruit  trees  and  other  plants 
cultivated  in  vineyards. 

1  Pronet,  "  Sdt  1b  Rhizoctone  de  la  Luzerne."    Compt.  rend.,  Paris,  1893. 
Ft.  Wagner,  "Dm  Vorkommen  de*  Wurzeltiitert  d.  Luzerne."      Ztittch.  d. 
Landwirtk.   Vertin  in  Hayern,  1894. 

'Prillieur,  '"Sur  la  maladie  dee  Safrana."     Compt.  rend.,  xciv,  and  xcv. 
Tulaane,  Fungi  hypogati,  PL  VIII.,  1861. 

'Iowa  Agric.  Exper.  Station,  Bulletin  15,  1891  ;  with  illustrations. 

1  B.  Hartig,  UaUrimchutigea  awt  d.  forxtbottm.  Inatxtvt  zu  M&nchen,  ITT.,  1883. 

*  Wurzelpilz,  Weinitockfanle,  Pourridie  de  la  Vigne,  Pourriture,  Blanc  des 
Racine*,  Blanquet,  Champignon  blanc,  Aubernage,  Mai  nero,  Morbe  bianco,  etc. 
(Iiartig's  Lthrbueh). 
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Dematophora  forms  fine  rhizoctonia-  strands  which  grow 
through  the  Boil  from  root  to  root.  The  mycelium  kills  the 
fibrous  rootlets,  and  spreads  from  these  into  older  roots  to 
form  rhizomorph-strands,  which,  however,  have  a  structure 
quite  distinct  from  those  of  Agaricus  melleus.  The  rhizomorph- 
strands  may  pass  out  of  the  root  into  the  soil,  there  to  form 
a  filamentous  mycelium,  or,  remaining  in  the  root-cortex,  may 
produce  rows  of  black  tuberous  sclerotia  which  on  maturity 
break  out  to  the  exterior.  On  the  sclerotia,  or  other  parts 
of  the  mycelium,  bristle-like  conidiophores  may  be  developed 
as  branched  panicles  from  which  ovoid  colourless  conidia  are 
abjointed. 

This  enemy  of  the  vine  is  rapidly  assuming  great  import- 
ance. Thus,  for  instance,  in  Baden,1  there  is  no  Phylloxera, 
but  whole  tracts  of  vine  land  are  infested  with  Dematophora. 

According  to  Viala,2  Dematophora  forms  perithecia,  which, 
however,  only  develop  after  artificial  culture  for  several  years 
on  decayed  plants.  If  this  be  so,  the  fungus  should  be  classi- 
fied between  the  Tuberaceae  and  the  Elaphomycetes.  Berlese,8 
however,  contests  this  view,  and  regards  it  as  nearly  related 
to  Rosellinia. 

Hartig  *  suggests  impregnation  of  the  vine  poles  with  creosote 
as  a  means  of  combating  this  disease. 

Strickeria. 

Strickeri*  Kochii  Korb.  develops  its  perithecia  on  the  cortex  of  living 
Robinio  Pteitdacacia  ;  its  parasitism  is  however  not  yet  fully  established. 

CUCURBITARIEAE. 

Oibbera. 

The  black  perithecia,  beset  with  stiff  bristles,  are  developed 
in  large  groups  on  a  dark  pseudoparenchymatous  stroma. 

Oibbera  vaccinii  Sow.  (Britain).  In  damp  situations  amongst 
moist  patches  of  Hypnum  and  other  mosses,  one  often  finds 
the    cowberry    {Vaeeinium     Vitis-Idaea)    with    its    leaves    and 

1  Beiuling,  Dan  Auftrettn  ».  Rtbenkrankheilea  in  Baden,  1891. 

1  Vials,  AfonographU  du  PourridU  d.  Vigncs,  1891. 

*  Berlese,  Hirinta  di  palologia  vtijttatt,  I. 

*R.  Hartig,  Lehrbuch  d.  Baumbrankheittn,  English  edition,  1894,  p.  87. 
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twigs    brown    and   dead  (Fig.    95).     If  more  closely  examined, 
the     twigs     will     be    found     to     bear     patches    of    coal-black. 


.    (t.  TubsufdsL) 


Cowberry.    The  perithecia  form 

" " '-e  living  leafy 

a  dead  brown 

.    (v.  Hibo.it  del.) 


a  patch  of  perithecia  In 
parephyaea  and  ud  wl 

cortical    tiMiie    of    tha 
epldermii  of  the  item. 


.  Croae-eectton  of  Cowberry  thowlng 
iction;  tha  hairy  perithelia  contain 
ppores  ;    a  mycelium   permeates  the 


spherical  perithecia,  which  are  coated  by  short,  acute,  unicellular, 
black  hairs  (Fig.  97).     The   perithecia  contain    paraphyses    and 
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asci,  tbe  latter  with  eight  or  fewer  bicellular  dark-coloured 
spores.  The  mycelium  is  dark-coloured,  very  vigorous,  and 
furnished  with  many  lateral  bladder-like  outgrowths ;  it  permeates 
the  whole  cortical  tissue  as  far  in  as  the  wood,  and  under  the 
epidermis  forms  a  brown  pseudoparenchytnatous  stroma,  which 
extends  over  the  cortex,  and  gives  rise  to  numerous  perithecia. 
The  living  cells  of  the  cortex  turn  brown  in  presence  of  the 
fungus-mycelium,  and  collapse,  causing  the  whole  shoot  above 
the  place  of  attack  to  wither  and  die. 

Cucurbitaria. 

The  dark  perithecia  and  pycnidia  break  through  the  epidermis 
in  large  numbers.  The  asci  contain  six  to  eight  brown  spores, 
divided  by  cross- septa. 

Oucurbitaria  laburni  Pers.1  (Britain).  The  spores  of  Urn 
fungus  germinate  on  wounded  parts  of  laburnum  {Cytixus 
Laburnum),  and,  as  the  branches  of  attacked  plants  soon  die 
off,  considerable  damage  to  nursery  stock  may  result.  The 
mycelium  spreads  through  the  wood,  particularly  the  vessels, 
in  spite  of  the  early  stoppage  of  these  by  a  yellow  wood-gum. 
Diseased  parts  of  the  wood  of  living  branches  appear  as  dark 
strips;  reproductive  organs  are  produced  in  the  bark,  and 
there  the  plant  attempts  to  isolate  the  diseased  parts  by  con- 
tinued cork  formation. 

If  diseased,  but  still  living  spots  on  stems  be  examined, 
they  will  be  found  to  include  many  yellow  aud  black  pustule- 
like swellings,  some  buried  in  the  bark  under  a  periderm  eight 
to  ten  cells  in  thickness,  others  in  process  of  breaking  through 
or  altogether  exposed.  Many  of  the  pustules  will  attract 
attention  from  the  presence  of  red,  twisted,  elongated  tendrils 
on  them.  On  the  lower  parts  of  dead  branches  the  same 
appearances  will  be  found,  but,  in  addition,  the  periderm  will 
generally  be  ruptured,  and  the  openings  so  produced  filled  with 
spherical  dark  grey  or  block  fructifications.  These  are  variable 
in  form,  and  amongst  them  can  be  distinguished  some  which 
are  very  large,  round,  smooth-coated,  and  light-coloured,  with 
a  round  pore  ;  others,  which  appear  more  warty,  and  have  a 
depressed   opening ;    while   still   others,   generally   smaller,  have 

'v.  Tubeuf,   "Cucurbitaria  laburni."     Bolan.  Centra/Matt,  xxvi.,  1886. 
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aii  acute  beaked  pore.  Where  the  bark  has  been  lost,  a 
good  lens  may  distinguish  the  spherical  or  ovoid  dark-coloured 
perithecia.  On  the  finer  twigs  the  whole 
bark  is  often  perforated  by  numerous  tiny 
pycnidia,  hardly  distinguishable  with  the 
naked  eye. 

If  these  various  forms  of  fructification  be 
submitted  to  microscopic  examination,  sections 
through  the  yellow  pustules  will  show  them 
to  have  that  colour,  because  the  transparent 
periderm  has  become  loosened  from  the  rest 
of  the  bark ;  underneath  the  corky  layers 
will  be  found  a  red  stroma  of  pseudo- 
parenchymatous  hyphal  tissue.  This  stroma 
by  its  growth  causeB  a  gradual  rupture  and 
loosening  of  the  corky  and  other  layers  of  the 
periderm ;  wherever  this  takes  place,  conidio- 
phores  are  developed,  and  give  off  numbers  of 
tiny,  hyaline,  ovoid  or  cylindrical  conidia. 
The  stroma  itself  is  somewhat  spongy,  and 
encloses  numerous  cavities  which  also  become 
lined  with  conidiophores.  At  a  later  period 
the  tisBue  enclosing  these  cavities  may  become 
dark  coloured,  so  that  structures  similar  to 
pycnidia  are  formed.  In  such  cavities  the 
red  colour  disappears,  and  the  hyphae,  coni- 
diophores, and  conidia  appear  transparent. 
The  real  pycnidia  appear  later,  and  consist  of 
a  peridium  of  coarse  pseudoparenehyma  con- 
taining conidia  similar  to  those  just  described 
(Fig.  99,  a).  From  the  openings  of  these 
pycnidia  the  conidia  emerge  as  red  tendrils, 
rising  as  much  as  one  centimetre  above  the 
pore.  Adjoining  these  forma  of  aporophore 
just  described  will  be  found  others ;  unde- 
veloped perithecia  with  young  asci ;  dark- 
brown  pycnidia  with  brownish -grey,  multi- 
septate,  compound  conidia ;  or  similar  pycnidia 
with  unicellular  spherical,  brownish-grey  conidia. 

Where  the  disease  has  made  further  progress,  the  pustules 


precedLuu  summer ;  a,  6, 
c,  *  *,  pW«  where  the 
rind  Is  dead  end  the 
cork-layer  ruptured  ;  at 
a  and  b  the  perithecia 
■n  already  developed, 
and   the   mycelium    dm 
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will  be  found  changing  from  yellow  to  black  on  account  of 
the  periderm  and  dead  stroma  becoming  darker.  On  dead 
branches  the  large  cushions  of  fructifications  will  be  found  to 
include;  (a)  perithecia  with  a  warty  exterior  and  pores  set 
in  a  depression;  (b)  large  pycnidia,  standing  out  from  the 
cushions,  with  brown  smooth  coats,  and  full  of  compound 
mnlti septate  conidia  (Fig.  99,  B;  see  below  No.  3,  a);  (e) 
other  smaller  pycnidia  containing  the  same  conidia,  but  whose 
pore  is  situated  on  a  sharp  prominence  (No.  3,  b).  All  or  any 
of  the  three  forms  may  be  present. 


unicellular  oonidla.    B,  One  of  the  Urge  en 

The  mature  perithecia  have  a  peridium  consisting  of  a  loose 
pseud opareuchy ma  with  a  rough  warty  exterior  and  a  pore  set 
in  a  distinct  depression  (Fig.  100.)  The  paraphyses  are  long, 
strong  threads,  often  branched,  and  between  them  arise  the 
long  cylindrical  asci  with  rounded  ends.  The  normal  number 
of  ascospores  is  eight  in  each  ascus,  but  fewer  is  no  exception. 

In  addition  to  the  forms  already  described,  pycnidia  of  still 
another  sort  occur  (No.  1,  c).  They  are  spherical,  with  a 
dark-coloured  coarse  peridium,  and  are  smaller  than  the  stroma- 
pycnidia.     These  pycnidia  contain  no  conidiophores,  but  give  off 
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unicellular  conidia,  at  first  white,  later  grey.     It  is  these  pycnidia 
which   cause  the  fine  perforations  of  the  periderm  of  twigs. 

Yet  another  form  of  pycnidia,  previously  known  as  Diplodia 
cytisi  (Awd.),  (No.  4).  This,  like  the  last,  breaks  through  the 
corky  layers  of  the  bark.  It  has  a  peridium  composed  of  loose 
pseudoparenchyma  and,  without  the  intervention  of  conidio- 
phores,  produces   two-celled    conidia   of  a  dark    greyish-brown 


Via.  100.— Cvcvrbitaria  lalumi.     Peritheclum  tKriitcd.     A,  Ejaculating  men* 
ruptured  co»t.     (After  ».  Tubeuf.) 

colour.     This  form,  however,  I  failed  to   find  in  the  course  of 
my  investigation,  although  I  looked  through  much  material. 
Tabulating  these  various  forms  of  fructification  we  have : 

A.    Pycnidia. 
1.  White  transparent,  small,  unicellular  conidia  on  long  con idioph ores  : 
(a)  Free  on  the  stroma. 
(61  Enclosed  in  cavities  in  the  stroma  : 

(a)   In  cavities  as  yet  not  resembling  pycnidia. 
(/3)  In  cavities  with  firm  dark-coloured  periphery. 
(c)  Enclosed  in  dark-coloured  free  pycnidia,  with  a  peridium  of  coarse 
pseudoparenchyma. 
S.  Brown,  unicellular,  round  conidia,  in  little  brown  pycnidia  (Fig.  99,  a). 
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3.  Brown,  multiseptate  conidia  : 

(a)  In  brown,  very  large,  smooth -coated  pycnidia  (Fig.  99,  b). 
(6)  In  darker  and  smaller  pycnidia  with  pointed  aperture. 

4.  Brown,  bicellular  conidia,  in  little  dark  pycnidia  (Diplodia  eytm). 

B.     Perithecia.  ' 

5.  Brown,  multiseptate  ascospores,  in  perithecia  generally  of  dark  colour, 
and  with  depressed  pore  (Fig.  100). 

Cucurbitaria  sorbi  Karsten.  This  fungus  appears  to  pro- 
duce disease  iD  a  manner  Bimilar  to  C.  labnrni.  It  was  described 
by  me  in  1886 1  from  specimens  collected  in  the  Bavarian 
forest-laud  from  young  Pyrus  Aucuparia.  They  were  easily 
distinguished  in  August  by  their  withered  twigs,  both  bark  and 
wood  being  killed  in  tracts  by  the  mycelium.  In  another 
locality  I  found  well -deve loped  perithecia,  also  on  P.  Aucuparia. 

Cucurbitaria  pityophila  Fries,  occurs  on  the  living  branches 
of  various  conifers,  e.g.  Pinus  Ccmbra. 

SPHAERELLOIDEAE. 

Stigmatea. 

The  naked  perithecia  are  superficially  seated  on  the  sub- 
stratum. The  ascospores,  eight  in  each  ascus,  are  clear  and  two- 
celled.     The  species  are  parasites. 

Stigmatea  robertiani  Fr.  (Britain  and  U.S.  America).  Occurs 
on  living  leaves  of  Geranium  Boberlianum. 

St.  ranunculi  Fries.  On  living  leaves  of  Ranunculus  repens 
(Britain  and  U.S.  America). 

St.  mespili  Sor.  (U.S.  America).  This  species  appears  in 
spring  as  reddish-brown  spots  on  the  leaves  of  wild  pear-trees. 
At  these  places  the  epidermis  becomes  ruptured,  and  cushions 
are  formed  from  which  brown  conidia  are  given  off  from  short 
conidiophores.  This  stage  was  formerly  known  as  Morthiera 
mespili.  The  conidia  are  at  first  obovoid,  but  later  seem  to 
consist  of  four  separate  cells  arranged  in  a  cross,  and  each 
furnished  with  a  transparent  bristle.  Each  conidium  produces 
a  germ-tube  which  penetrates  the  epidermis,  and   in   a   month 

1 1  have  since  found  from  Saccardo  that  this  fungus  was  described  by  Karsten 
{Mycol.  Ftnn.,i\.  "ad  ramos  dejectos  Sorbi  aucupariae  in  Fennia  merid.  et  media"); 
it  was,  however,  unknown  for  Germany  to  that  author.     (Auth.) 
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new  co ni dial  cushions  may  appear.  The  mycelium  itself  is 
brown.  From  winter  to  spring,  brown  perithecia  containing 
eight-spored  asci  may  be  found  on  the  same  leaves  formerly 
occupied  by  the  conidia.  The  colourless  spores  consist  of  two 
unequal  cells ;  they  germinate  in  May,  before  or  after  ejaculation 
from  the  asci,  and  bring  about  new  infections. 

St  polygonorum  Fr.  occurs  on  leaves  of  Polygonum..  (Britain  and  U.S. 
America). 

St  andromedae  Behra.     On  living  leaves  of  Andromeda  poiifolia. 

St  alni  Fuck.     On  living  leaves  of  Altau  glutinoia. 

St  juniper!  Deem.     On  living  needles  of  Juniperut  conxmunu. 

Ascospora. 

The  mycelium  forma  brown  crusts  under  the  host-epidermis, 
and  there  the  perithecia  develop.  The  asci  are  small  and 
-contain  unicellular  hyaline  spores.  The  perithecia  contain  no 
paraphyses. 

Ascospora  Beyerinckii  Vuill.1  The  conidial  form  of  this 
fungus  (Corynewm  Beyerinckii)  produces  a  form  of  the  "gum- 
flux  "  of  cherry  trees.  The  mycelium  lives  in  leaves  of  cherry, 
peach,  plum,  apricot,  almond,  which  in  consequence  become 
spotted,  and  die  off  along  with  the  young  fruit.  Mature 
perithecia  may  be  found  in  spring.  The  fungus  lives  to  a 
certain  extent  as  a  saprophyte. 

Sphaerella. 

The  delicate  perithecia  are  embedded  in  the  tissues  of  the 
host-plant ;  they  contain  asci  with  two-celled  colourless  spores, 
but  no  paraphyses  are  present. 

Sphaerella  laricina  Hartig.3  The  needle-cast  fungus  of 
Larch.  This  fungus  is  the  cause  of  a  dangerous  larch-disease 
found  everywhere,  except  in  mountainous  localities  over  1200 
metres.  The  symptoms  of  disease  consist  in  the  needles  becoming 
brown-spotted  and  falling  prematurely  in  summer.  Cushions  of 
conidia  are  formed  in  June  on  the  brown  spots ;  these  enlarge, 
and     from     their    surface     rod-shaped,    four-celled    conidia    are 

1  Vuillemin,  Titre*  it  Iraravx  tdenlifiqmt,  1890. 

'K.  Hartig,  Fortllieh-iialurioi*,.  Zeittehrifl,  1895,  p.  445. 
Through    the    kindness   of   Prof.    Hartig   we   have  been   enabled  to  add  an 
account  of  this  important  new  disease,  with  the  accompanying  figures.     (Audi. 
and  Edit) 
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abjointed  (Fig.   103);  in  the  interior  of  the  spots  are  produced 
tiny  conidia  (Lcptostroma  laricinum),  incapable   of  germination. 


The  rod-shaped  conidia  infect  particularly .  the  lower  needles  of 
the   crown,   and   three   weeks   thereafter   new   conidial   cushions. 


Fin.  102.— Splitttrtllt  taritina.      Bectlon  through  a  diseased  «pot  on  a  larch 
needle.    The  Interior  of  the  loaf  Is  permeated  with  the  Intercellular ■mycelium. 

are  alien  oil  eitemally  (thoee  of  the  upper  cushion  hue  nearly  ail  been  carried 
off  by  rain),  while  cavities  Ineide  the  cushluna  are  filled  with  micro-couidla. 
x  1J».    (After  It.  Hartlg.) 

appear.     Their  distribution   and   germination   are   facilitated   by 
wet  weather.      The  perithecia  (Fig.   104)  are  matured  towards 
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spring  in  the  fallen  needles,  which  lie  on  the  ground  over 
winter.  The  ascospores  aTe  mature  and  capable  of  infection 
at  the    beginning    of   -Tune.       In    forests    of  [\ 

pure   larch,   or   in   mixture   with   spruce,  the  Wi 

ascospores    are    easily    distributed    by    wind.         .  VJ\ 

In  larch,  underplanted  with  beech,  the  spores  *  ^ 

are  kept  down  towards  the  ground  by  the 
canopy  of  beech  foliage,  so  that,  during  the 
summer,  they  cannot  be  carried  up  to  the 
larch  crown.  (    , 

Hartig  gives  the  following  interesting  facts  jV;'.\'» 

on  its  distribution.  ** 

,  ,  ,  ,      ,        ,  ■  i        ■        j  Flo.  103.-- a.Rod-iliaped 

As  already  remarked,  the   penthecia   de-  conidin  befo™  >ud  after 

-  ,  .  ip  ii  ii  ii  detachment      from      tht1 

velop  in  spring   on   the   fallen  larch  needles,  bmidu.    ft,  Micro-c™idia 
and  in  low-lying   localities   the  spores   reach  miMam.  x  *p.  (After 
maturity   at    the    beginning    of  June.      New  R'  K»rtl«i) 
conidial  cushions  are  not  found  on  the  lareh  in  our  neighbourhood 
before  July.     The  parasite  haB  thus  four  months  at  its  disposal 


thick-willed,  and  of  a  light-brown  colour.  The  perithecia  contain  aict  mid  Jco- 
•porea.  To  the  eitreme  right  !•  a  pycnldlum  containing  little  oblong  oonldia, 
alongside  a  peritbecium.      x  !■['.      (After  R.  Hartig.) 

for  distribution  by  means  of  conidia.  As,  however,  we  ascend 
into  the  mountains,  the  snow  lies  longer,  so  that  the  perithecia 
cannot  begin  to  form  so  early,  the  ascospores  are  correspondingly 
late  in  reaching  maturity,  and  the  season  during  which  the 
parasite  may  spread  is  still  further  shortened  by  the  earlier 
commencement   of  winter.      At   an    elevation   of  1500   metres, 
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active  vegetation  begins  about  two  and  a  half  months  later  than 
in  the  plains,  i.e.  at  the  beginning  of  June.  The  season  of 
mature  spores  of  Sphaerella  is  thus  delayed  till  about  the 
middle  of  August.  On  26th  September  I  found  at  this  elevation 
only  a  few  spots  on  the  larch  needles,  and 
on  these  hardly  any  conidial  cushions.  By 
28th  September  this  larch  plantation  was 
already  under  snow." 

"  It  will  thus  be  seen,  that  while  at  a 
high  elevation  the  larch  can  flourish  with 
a  vegetative  period  extending  only  to  three 
and  a  quarter  or  four  months,  the  Sphaerella 
has  not  the  time  necessary  for  its  develop- 
ment, so  that  the  larch,  though  much 
handicapped,  remains  healthy.  Similarly 
with  the  larch  in  Siberia,  it  grows  there, 
as  in  the  mountains,  very  slowly,  yet  this 
parasite  can  no  longer  reach  it." 

Sphaerella  fragariae  Tul.     Strawberry 
leaf -blight.1       In     summer    free     conidia 
{Ramularia     Tulasnei    Sacc.)    and    pyenidia 
are  produced,  while  the  perithecia  ripen  in  spring. 

[This  destructive  disease  of  the  strawberry  has  been  recorded 
from  all  parts  of  the  United  States.  It  first  appears  on  the 
upper  surface  as  small  reddish  spots,  which  rapidly  enlarge, 
the  centres  withering  and  browning.  The  growth  of  the  plants 
and  the  crop-yield   is  seriously  impaired.]     (Edit.) 

Sph,  gOBSypina  Atks.*  [Cotton  leaf-blight  is  a  disease  on 
leaves  of  the  cotton  plant  caused  by  the  CVrawpom-stage  of  this 
fungus.  Small  reddish  spots  appear  on  the  leaf,  enlarge,  and 
become  dry  whitish  spots  with  a  red  margin.  The  conidia 
are  elongated  and  produced  in  long  chains.  The  asci  contain 
eight  elliptical  spores,  which  are  slightly  constricted  at  the 
septum  when  mature,  one  cell  being  usually  somewhat  smaller 
than  the  other.  This  disease  frequently  accompanies  that  one 
known  as  "  yellow  leaf-blight,"  or  mosaic  disease.]     (Edit.) 

'  Trelesie,   Wineonain  Exper.  Station,  18B5. 
ScriWr,   F.    1.,    Rt}x>rt    U.S.    Dej-I.  of  Agriculture,    1887.     Plate.     Other 
papers  by  Arthur,  Dudley,  and  Gorman. 

s  Atkinson,   BulUtia  Torrty  Bolan.   Club,   Vol.  xvhi.,   1891. 
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Sph.  mori  Fuck,  causes  a  similar  disease  on  leaves  of  mulberry  (U.S. 
America). 

Sph.  taxi  Cke.      On  the  yew.1 

Sph.  longisaima  Fuck.     On  living  leaves  of  Bromut  taper. 

Sph.  depazeaeformii  (Aueraw).  On  living  leaves  of  Oxalii  acelotella  and 
Or.  comiculata. 

Sph.  brassicicola  (Duby.).  On  withering  leaves  of  Bratticat.  (Britain 
and  U.S.  America. 

Sph.  laureolae  (Desm.).     On  living  leaves  of  Daphne  lauriola. 


Sph.  hedericoU  (Desm.).     On  living  leaves  of  ivy.     (Britain). 

Allescher2  describes  other  fungi  on  ivy. 

Sph.  Gibelliwwi  (Pass.).  On  living  leaves  of  Citrus  limonum  and  C. 
medita, 

Sph.  polypodii  (Rabli.).  On  living  fronds  of  Polypodium  vulaare,  Atpidmm 
Filix-mag,  Atplenium  Trichomane»,  Pceru  aqm'lina. 

Sph.  vitis  Fuck.     On  withering  vine-leaves. 

'Worth.  G.  Smith,  Oardentr's  Chroniek,  XXL,  I8M. 
'Allascher/'Blattfleckenkrankheitd.  Ephues," Zriteeh.f.Pfi.-krankheiteii,\$8o. 
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Spb.  scntiua  (Fr  )  (U.S.  America).  In  spring  of  1891  this  caused  at 
Geiseuheim '  a  severe  spot-disease  oil  the  leaves  of  certain  varieties  of  pear. 

Other  related  species  occur  on  pear. 

There  are  numerous  other  species  of  SphaereUa.  Saccardo  gives  279 
species,  many  of  which  are  probably  more  or  less  prejudicial  to  plants  in 
orchard  or  garden.     None,  however,  are  recorded  as  very  injurious. 

Laeitadia.* 

This  genus  is  similar  to  Spkaerdla,  but  has  one-celled 
couidia ;  it  is  distinguished  from  Physalospora  by  the  absence 
of  paraphyses. 

L.  macnliformis  (Bon.)  on  living  leaves  of  various  trees. 
■  L.  (Physalospora)  Bidwellii  (Ellis)8  (Britain  and  U.S. 
America).  The  Black-rot  of  the  Vine.  This  parasite  attacks 
all  young  organs  and  shoots  of  the  vine.  On  the  leaves  the 
symptoms  are  spots  with  dark  sharply-defined  margins,  on  which 
the  pyenidia  appear  later  as  minute  black  pustules,  The  leaves 
die,  but  do  not  fall  off,  as  with  Sphaccloma  ampelvn-um.  The 
berries  show  disease  when  only  the  size  of  peas,  and  finally  fall 
off  singly  or  in  clusters.  The  grapes  are  not  dusty  with  a 
mealy  powder,  nor  do  they  burst  as  in  attacks  of  Oidium 
Tuekeri.  Two  kinds  of  pyenidia  occur:  one  sometimes  described 
as  spermogonia,  has  very  small  rod-like  conidia,  borne  on  thread- 
like conidiophofes ;  these  conidia  have  not  as  yet  been  seen  to 
germinate.  The  other  pyenidial  form  {Plioma  uvicola  of  Berk, 
and  Curt.)  contains  forked  filamentous  conidiophores,  from 
which  one-celled  ovoid  conidia  (stylospores)  are  produced  and 
soon  germinate  by  emission  of  a  septate  hypha.  The  latter 
form  of  conidia  is  produced  after  the  sperniogonia,  and  may  be 

1Oeitenktim  Jahrbuch,  1892. 

(Oeeler, 
'Bibliography  :  Csvara,  Inlorno  at  dittoecamtnio  dei  grappoli  delta  vile,  1888. 

Thiimen,  "Die  Black-rot  Krankheit  d.  Weintreuben."  AUtg.  Weiusatung, 
Vienna,   1891. 

Galloway  and  Scribner,  Report*  for  1888-89,  I 

Viala    and     Kavaz,    Leu    Proqris    agric.    et    v 

Rathay  (1),  Dtr  Black-rot,  1891.  With  19  figo 
FratikreieK  z.  Erforethting  d.  Black-roe  Krankheit  Jt 
Dtr  WkiU-rot  in  die  Weinlaube,  1892, 

Viala.      Die  Krankheiten  d.    Wehutodtt*. 

Linhart  u.  Mezey,  Dir  Krankheiten  d.   Weinstocken,  1895  (Hungarian). 

U.S.  Dept.  of  Agriculture.  Numerous  references  in  reports  and  bulletins, 
where  details  of  treatment  experiments  will  be  found. 
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found  right  on  into  autumn,  even  throughout  the  winter. 
Hibernating  aclerotia  are  also  produced,  the  cells  of  which  grow 
out  directly  into  septate  couidiophores  with  oval  conidia. 
Perithecia,  externally  resembling  pycnidia,  are  formed  in  May 
and  June  on  the  fallen  berries  of  the  preceding  year.  The 
asci  have  gelatinous  walls,  which  swell  and  burst  so  as  to 
ejaculate  their  spores.  Viala  and  Kavaz  successfully  infected 
living  grapes  by  means  of  the  larger  eomdia,  and  also  by 
the  germinating  ascospores. 

The  disease  is  one  of  the  most  dreaded  in  America.  It  has 
been  found  also  in  Europe,  having  l>een  observed  iu  France 
since  1885,  though  not  as  yet  in  Germany,  Switzerland,  Italy, 
or  Spain.  Moist  situations  are  favourable  to  it.  As  with 
other  diseases  of  the  vine,  the  various  varieties  have  different 
powers  of  resistance,  and  a  judicious  selection  of  varieties  may 
prove  a  good  preventive  measure.  According  to  Viala,  the 
black-rot  is  found  in  the  United  States  on  both  wild  and 
cultivated  vines,  but  never  on  the  fruit  of  Vitis  rupestrU,  V. 
Btrlaneieri,  V.  cinerea,  V.  Limecomii,  V.  Monticola,  and  V. 
candicajis,  and  very  rarely  on  their  leaves.  The  "vine-stocks" 
themselves  suffer  little  or  nothing  from  the  disease.  Bathay 
says  that  Vitis  riparia,  V.  rupestris,  and  V.  Solonis,  bo  im- 
portant as  grafting-stocks,  are  seldom  affected ;  the  green 
shoots  of  other  species,  however,  may  he  attacked  and  the 
disease  be  transmitted  through  the  graft-slip. 

For  combating  the  disease.  Galloway,  Prillieux,  and  l'Ecluse 
recommend  Bordeaux  mixture.1 

Laestadia  bnxi  (Desm.).  The  perithecia  of  this  species  are 
found  as  tiny  points  on  yellow  spots  on  the  lower  surface  of 
green  leaves  of  box.  This  fungus,  regarded  by  Desmazieres  as 
saprophytic,  is  said  by  Briosi  and  Cavara  to  be  parasitic. 

PLEOSPOREAE, 
Physaloapora, 
The    perithecia    are   formed    under    the    epidermis,    but    are 
otherwise  devoid  of  covering ;  they  contain  asci  and  paraphyses ; 
the  spores  are  one-celled,  and  ovoid  or  elliptical 

'For  details  nee  Rat  hay  [lot.  rit.),   the  American   bulletins,  etc. 
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Physaloapora  laburni  (Boiiord.)  occurs  ou  living  twigs  of  Cytitu*  Laburnum. 
Ph.  fallariosa  Saec.     On  withering  leaves  of  Aletrit  and  Muia  in  Berlin 
Botanic  Garden. 

Didymosphaeria 

Perithecift  similar  to  Physalospora,  but  with  two-celled  spores. 

Didymosphaeria  genistae  Fuck,  occurs  on  Genista  pilots. 

D.  epidermidis  (Fries).  On  living  branches  of  Herberts,  Sambucut,  Salix, 
and  Eucalyptut.    (Britain  and  U.S.  America). 

D.  albescens  NieasL  On  living  branches  of  Lonicera  Xylotteum  and 
Myricaria  germanica. 

D.  dryadis  (Spegazz.).  On  living  leaves  of  Dryat  octopetala.  (U.S. 
America). 

D.  populina  Vuill.  Prill ieux  and  Vuillemin1  regard  this  as  a  parasite, 
and  the  cause  of  a  peculiar  dying-off  of  Populut  pyramidtrli*  throughout 
Germany  ;  Rostrup,  on  the  other  hand,  ascribes  this  to  Dothiora  tphaeriodet 
Fr.  Frillieux  regards  Xapicladium  tremulae  as  a  conidial  form  of  Didymo- 
tphaeria  ;    Vuillemin,  however,  believes  it  to  be  saprophytic. 

Venturis. 

The  peritheeia  are  embedded  in  the  stroma,  and  have  stiff 
bristles  round  the  pore ;  they  contain  both  paraphyses  and 
eight-spored  asci.  The  spores  are  two-celled,  with  or  without 
colour. 

Venturia  geranii  Fr.  occurs  on  the  living  leaves  of  Geranium  pvtillitm, 
<?,  molU,  etc 

V.  rumicis  (Desm.).     On  withering  leaves  of  [turner.     (Britain). 

V.  maculaeformu  (Desm.).    On  living  leaves  of  Epilobinm. 

V.  vermiculariaeformis  Fuck.  On-withered  leaves  of  Eitonymut  europaeut 
and  Lonicera  Xylotteum. 

V.  Stransaii  Sacc  et  Eounx.  This  I  liave  found  as  a  parasite  on  Erica 
eamea  in  TyroL     It  is  also  said  to  cause  a  disease  on  Ericaceae  in  France. 

The  various  conidial  forms  at  present  placed  amongst  the 
"  Fungi  imperfect!  "  as  Fn&icladiuin,  are  probably  related  to 
Venturia. 

Fusicladium  dendriticum  Wallr.  on  apple,  and  F.  pirinum 
Lib.  on  pear,  are  at  present  the  subject  of  an  investigation  at 
the  hands  of  Aderhold,2  who  has,  on  account  of  their  peritheeia, 

>  Ballet,  de  la  hoc.  myeol.  de  France.  1892;  Compt.  rend.,  1889  ;  Rei-ue  mycol, 
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placed    them   in   the   genus    Venturia.     His    investigations    are, 
however,  not  quite  complete. 

The  scab  or  black  spot  of  apple  and  pear  is  a  very  familiar 
disease  in  America  and  elsewhere.  It  attacks  leaves,  young 
shoots,  and  fruits.  Dirty  greenish  spots  appear  first,  then  enlarg- 
ing, they  run  together,  and  darken  in  colour  till  almost  black.  If 
the  attack  occur  ou  young  foliage,  it  may  be  dwarfed  and  killed ; 
the  newly-formed  fruit  will  in  such  cases  be  attacked,  shrivel 
up,  and  fall.  If  the  attack  be  deferred  till  the  foliage  and  fruit 
are  well  advanced,  then  spotting  results  and  the  fruit  remains 
hard,  perhaps  cracks.  The  conidia  are  oval,  unicellular,  and 
yellowish-brown ;    they   are   produced   from   short   conidiophores 


with  warty  prominences  which  grow  on  spots  of  leaf  or  fruit 
(Fig.  107).  The  perithecia  (as  yet  described)  are  distinguished 
by  black  bristles  surrounding  the  pore,  and  occur  on  fallen 
leaves.  The  asci  contain  eight  greenish  ovoid  spores  with  two 
or  three  cells. 

In  addition  to  the  injury  to  leaves  and  destruction  of  young 
fruit,  the  disfiguration  of  the  apples  is  a  cause  of  considerable 
monetary  loss.  Dilute  Bordeaux  or  copper  sulphate  mixture 
applied   before   the   opening   of  buds,   and   once   or   twice   after 
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"  setting  "  of  the  fruit,  is  recommended.     No  fungicide  should, 
however,  be  applied  towards  the  ripening  season.1 

Gibellina. 

The  spherical  perithecia  are  embedded  in  the  stroma,  their 
necks  projecting.  The  asci  contain  eight  brownish  Bpores, 
oblong  or  spindle-shaped,  and  bicellular. 

Oibelllna  cerealia  Pass.  This  parasite  of  wheat  has  hitherto 
been  fairly  common  in  Italy ;  recently  it  has  appeared  with 
disastrous  effect  in  Hungary.  According  to  Cavara,  it  produces 
on  the  under  part  of  the  sterna,  grey  plate-like  coatings  with  a 
brown  margin ;  these  may  remain  as  spots,  or  enlarge  till  they 
form  a  ring  round  the  stem.  The  perithecia  are  little  black 
points  arranged  in  rows,  and  embedded  under  the  epidermis, 
except  the  black  projecting  necks.  The  asci  have  thin  walls  and 
break  up  inside  the  perithecia ;  they  contain  eight  spores  arranged 
in  two  rows.  The  spores  are  spindle-shaped  and  bicellular,  but 
their  germination  has  not  as  yet  been  observed.  The  mycelium 
is  found  in  all  the  host-tissues,  besides  forming  a  stroma-like 
sheath  round  the  stem.  The  plants  attacked  become  brown  and 
limp  in  early  summer,  and  no  fruit  is  produced.3 

Cavara  recommends  early  removal  and  burning  of  affected 
stems,  and  the  cultivation  of  crops  other  than  cereals  on  the 
infected  ground. 

Leptosphaeria. 

Perithecia  black,  rarely  with  bristles;  at  first  they  are  em- 
bedded in  the  host,  without  a  stroma.  The  spores  occur  four  to 
eight  in  each  ascus ;  they  are  spindle-shaped  and  generally 
multicellular  by  means  of  cross-walls  only.  Thread-like  para- 
physes  are  always  present. 

Leptosphaeria  herpotrichoides  de  Not,  This  species,  gene- 
rally regarded  as  a  saprophyte,  was  found  by  Frank s  as  a 
parasite  on  rye.     The  stalks  attacked  break  over  at  a  node  or 


.  18D3,  p.   10)  giv( 
t  of  this  fungus  with  il  lust  rati  una. 
'Frank,  Zeitechrift  f.   FJtan^ntrankheiUn,  1895. 
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just  over  the  root,  thus  resembling  the  symptoms  accompanying 
an  attack  of  Hessian  Fly. 

L.  tritici  Pass,  is  said  by  Frank  to  be  destructive  to  wheat  in  Germany. 
(See  also  Cladotporium). 

L.  subtecta  Wint.1  In  Tyrol  the  perithecia  of  this  species  accompany 
disease  of  the  leaves  of  Erica  carnea.  Simultaneously  Hypoderma  ericae 
Tub.  and  Sphaeria  erieina  Tub.  were  found,  the  former  appearing  to  cause 
the  disease  (see  p.  234). 

L.  anceps  Sacc     On  living  branches  of  Ribei  nigrum. 

L.  vitigena  (Schulzer).    On  living  tendrils  of  the  vine. 

L.  cirdnana  Sacc  (see  Rhizoctonia  p.  201). 

L  atictoides  Sacc  on  Liriodendron  tulipifera  is  an  American  species. 

Pleospora. 

The  black  perithecia  are  not  developed  on  a  stroma,  and 
are  at  first  concealed  in  the  host-tissues  only.  They  contain 
paraphyses  and  eight- spore d  asci.  The  spores  are  multiseptate, 
and  generally  coloured. 

Pleospora  hyacinth!  Sot.*  produces  black  coatings  on  the 
bulb-scales  of  hyacinth.  The  mycelium  inside  the  tissues  is 
colourless,  but  outside  is  dark  red,  and  its  presence  causes  disease 
of  healthy  parts.  Certain  perithecia  which  appear  on  the  bulb- 
scales  in  autumn  may  perhaps  belong  to  this  fungus. 

P.  tropaeoli  Hals,  is  given  as  a  disease  of  Tropaeolum  in  U.S. 
America.8 

P.  heaperidearum  Catt.  The  conidial  form  (Sporidesmium 
hesp.)  appears  as  a  black  coating  on  the  orange. 

P.  uimi  Fr.  (rar.  minor)  Allescher,  causes  a  leaf-spot  on  young 
elm-seedlings,  and  the  leaves  drop  off  prematurely. 

P.  napi  Fuck,  is  the  cause  of  rape-smut.  Leaf-spots  carrying 
conidial  cushions  (Sporidesmiim  exitiomem.  Eiihn)  appear  on  the 
rape  and  other  allied  root-crops. 

Other  "black  amut-diaeaaea "  have  been  ascribed  to  Polydeamus  (Spori- 
desmium)  exitiosnm  (var  Dauci)  on  carrot ;  Helminthosporium  gramineum 
Rabh.  causing  withering  of  rye  and  barley  leaves;  and  Sporidesminm 
putrefacieos  Fuck,  which  attacks  and  kills  the  young  heart-leaves  of  beet- 

■v.  Tnbeuf,  Solan.  Centralblatt,  XXI.,  1885. 

'Sorauer,   ffandimch  d.   PJlanzenhran&heiten,  II.  Aufl.,  p.  340;  and  Untersvch. 
6i.  die  Jtingeihrankheit  v.  d.  Rvwthau  d.   Hyaeintken.     Leipzig,  1878. 
*N.  Jtrtey  Agric.  Exper.  Slat.  Report,   13,  1892. 
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Dilophia. 

The  genus  is  parasitic  and  causes  swellings.  The  perithelia 
remain  permanently  embedded  in  the  tissues  of  the  host-plant. 
The  asci  eontain  eight  transparent,  thread-like,  finely-pointed, 
multicellular  spores. 

Dilophia  graminia  Sacc.  (Britain).  This  causes  deformity  of 
the  leaves  and  inflorescences  of  wild  grasses ;  also  of  rye  in 
France,  and  wheat  in  England  and  Switzerland.  Fuckel  assumes 
a  relationship  between  this  species  and  Dilophospora  graminia 
Desm.,  but  this  we  regard  as  doubtful. 

Ophiobolus. 

Perithecia  scattered  and  almost  spherical ;  they  contain  para- 
physes  and  eight-spored  asci.  The  spores  are  hyaline  or 
yellowish,  thread-like,  and  unicellular  or  septate.  The  fungus 
is  minute  and  inhabits  stems  and  haulms. 

Ophiobolus  graminiB  Sacc.  was  indicated  by  Frillieux, 
Delacroix,  and  Schribaux  as  the  cause  of  a  cereal  disease  in 
France.  The  cereals  attacked  broke  over  very  easily  near  the 
ground ;  they  continued  to  develop,  but  produced  ears  of  a  poor 
quality,  and  often  quite  withered.  The  disease  was  designated 
"  maladie  du  pied  des  ce'rea.les,"  and  described  in  Jour.  d'Agric, 
pruetiqite,  1892;  also  under  the  name  "la  maladie  du  pied  do 
ble* "  in  Travaux  du  labor,  de  pathoL  v4g£tale-  inst.  agronom., 
1890.  The  perithecia  have  a  curved  lateral  beak;  the  asci 
contain  eight  long,  spindle-shaped,  multiseptate  spores. 

Frank  also  records  this  disease  as  injurious  to  wheat  in 
Germany  in   1894. 

GNOHONIEAE. 
Gnomonia. 
Perithecia  without  a  stroma,  and  generally  remaining 
embedded  in  the  host-tissues,  with  only  a  beaked  opening  pro- 
jecting ;  they  contain  no  paraphyses.  The  asci  have  a  thickened 
apex  with  a  fine  central  pore.  The  hyaline  spores  consist  of 
from  one  to  four  cells. 

Gnomonia  erythroBtoma  Auersw.1     This  is  the  cause  of  an 
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epidemic  disease  of  the  cherry  (Prvnus  avium  and  P.  Cerasw), 
observed  for  several  years  past  in  North  Germany  and  else- 
where. The  fungus  attacks  the  leaves,  and  there  the  mycelium 
grows.  The  leaves  wither  prematurely,  but  remain  all  winter 
hanging  from  the  tree  by  a  reddish-brown  mycelium.  Pycnidia 
and  perithecia  are  produced  in  the  leaves,  the  latter  reaching 
maturity  in  spring,  when  the  two-celled  ascospores  are  ejaculated. 
The  pycnidia  contain  short  conidiophores  bearing  book-shaped 
conidia.  The  fruit  is  also  attacked,  and  ripens  unequally,  so 
that  the  cherries  are  distorted ;  then  they  crack  and  rot. 

Frank  has  succeeded  in  carrying  out  artificial  infection.  This 
takes  place  in  June,  and  immediately  on  germination  the  germ- 
hypha  produces  an  attachment-disc  on  the  host-epidermis,  whence 
a  hyphal  filament  penetrates  the  epidermal  wall,  grows  through 
the  cell,  and  reaches  an  intercellular  space.  A  thick  septate 
mycelium  is  formed  and  spreads,  especially  amongst  the  spongy 
parenchyma.  There  is  no  stroma,  and  the  perithecia  hibernate 
on  dry  leaves. 

Frank  recommends  the  plucking  and  burning  of  dead  leaves 
hanging  on  the  trees.  This  must  of  course  be  done  throughout 
the  whole  district  attacked.  In  one  part  of  Prussia  (Altenlande) 
this  precaution  was  taken  twice  each  winter  for  two  years, 
with  the  result  that  the  disease,  which  had  long  completely 
ruined  the  cherry  crop,  disappeared,  and  the  harvest  increased 
to  its  former  amount. 

Onomonia  quercus  ilicis  Berl.1  causes  brown  spots  on  leaves 
of  Qiicrcux  Hex. 


Mamiania. 

Perithecia  produced  in  a  black  stroma,  from  which  their  long 
necks  project.  The  asci  have  a  thickened  apex,  and  contain 
eight  oval  hyaline  spores  with  one  or  two  cells. 

Mamiania  (Gnomoniella)  flmbriata  Pers.  (Britain  and  U.S. 
America).  The  stromata  of  this  appear  in  summer  as  little 
black  cushions  on  the  leaves  of  the  hornbeam  (Carpinw).  The 
perithecia  are  developed  in  these  spots,  and  their  long  black 
beaks  projecting  distinctly  above  the  surface  of  the  leaf  cause 


1  Berleee,  Rivitta  di  PtUologta  vtgttale,  : 
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rupture  of  the  epidermis.  Numerous  leaves  may  be  diseased 
and  each  carry  many  cushions,  yet  Vuillemin,  who  described 
the  disease,1  does  not  believe  the  host-plant  is  affected  to  any 
serious  degree. 

M.  (Gnom.)  COryli  Batsch.  (Britain  and  U.S.  America).  The 
black  stromata  are  found  in  withered  spots  on  the  leaves  of 
hazel  (Corylvs);  as  a  rule,  each  stroma  carries  only  one  peri- 
thecium  with  a  long  beak  similar  to  that  of  M.  fimbriata. 


the  long  black  ) 


Valsa. 

A  stroma  is  generally  present,  but  is  of  very  variable  appear- 
ance ;  embedded  in  it  are  the  perithecia,  with  only  their  beak- 
like mouths  projecting.  The  spores  are  hyaline  or  light-brown, 
unicellular,  and  generally  bent.     No  paraphyses  are  present. 

Valsa  oxystoma  Eehm.s  This  causes  disease  and  death  of 
branches  of  Alntte  viridis  in  the  Alps.  The  symptoms  are 
withering  and  drying  up  of  single  branches  on  an  otherwise 
green    bush.      This    disease    causes    severe    loss    in    the    Tyrol, 

1  Tilrtt  el  travaax  tcUniifiqTie*,  1890. 

»v.  Tubeuf.    "Zwoi  Feinde  d.  Alpenerle,"  ForstUch.naturtviiit.  ZeiUchrtft,  1892. 
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where    leaves    of   the    alder   are    dried    in   summer  for   use   as 
winter-fodder  for  goats, 

In  the  branches  attacked,  a  mycelium  is  developed  in  the 
vessels  of  the  wood,  whereby  the  supply  of  water  is  stopped 
and  the  bark  dries  up.  Black  lens -shaped  stromata  arise 
under  the  epidermis  of  the  twig  and  rupture  it.  The  perithecia 
are  produced  under  the  stromata  in  the  bark,  and  communicate 


Flo.  ins.— Yalta  uyuama  on  Atntu  virutit  A,  Portion  of  branch  with  atroroa 
at  PsIM  breaking  through  the  perldnnn  at  four  places,  fl,  Enlargod  auction 
through  aitromafrom  A.  ft  Aid  and  aicoeporu,  ItoUted  from  a  parlthoclum. 
D,  Portion  of  younger  branch  with  periderm  ruptured  by  ttromata.  In  which, 
howeror,  the  perithelia  are  not  yet  devalopad.  B,  Enlarged  motion  through  a 
stroma  of  D.     (After  t.  Tubeuf.) 

with  the  exterior  by  means  of  long  projecting  necks.  The 
asci  contain  eight  unicellular  spores  of  a  slightly  bent,  rod- 
like shape.  Maturity  is  reached  on  the  dry  dead  twigs. 
Externally  this  disease  is  identical  in  appearance  with  one 
I    ascertained  to  be   due   to   a   beetle  (Cryptorhyiwhus  lapatki), 
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the  larva  of  which  bores  canals  in  the  wood  of  alders,  birches, 
and  willows,  causing  them  to  die. 

Most  of  the  other  species  of  VaUa  cause  only  leaf-spot,  or 
occur  on  dead  leaves. 

Anthostoma. 

The  perithecia  are  embedded  in  the  substratum  or  stroma, 
and  have  generally  long  necks.  The  asci  contain  eight  brown 
or  black,  oval,  unicellular  spores.     Paraphyses  are  always  absent. 

Anthostoma  xylostei  (Vers.)  occurs  on  living  and  dead 
branches  of  Zonicera  Xylosteum.     (Britain). 

Anthostomella  pisana  Pass,  lives  on  leaves  of  Chameropt  kamilit  and 
kilts  them. 

DIATRYPEAE. 

Oalosphaeria 

No  stroma  is  formed,  the  perithecia  arising  singly  or  in 
groups  in  the  bark  under  the  periderm;  they  have  often  long 
beaks.  The  asci  are  club-shaped,  and  frequently  long-stalked ; 
they  contain  eight  or  more  spores,  which  are  little,  unicellular, 
and  somewhat  curved. 

Oalosphaeria  princeps  Tul.  occurs  on  living  branches  of 
cherry  and  plum.     (Britain  and  U.S.  America). 

Quaternaria  Persomi  Till,  has  black  perithecia  and,  according  to  Will- 
komm,  causes  death  of  twigs  of  beech.     (Britain  and  America). 


MELANCONIDEAE. 
Aglaospora. 
The  perithecia  are  beaked  and  embedded  in  the  stroma.     The 
spores  are  furnished   with  appendages. 

Aglaospora  taleola  Tul.1  (Diaporthe  taleda  Fries,  and  pro- 
bably nearly  related  to  those  Melanconi  with  appendages  on 
their  spores,  e.g.  Mel.  thelebola,  previously  known  as  Aglaospora 
thd,  Tul.).  (Britain  and  U.S.  America).  This  funguB  causes 
a   disease   of  twigs  and   young  stems    of   oak   which   have   not 
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Pin.  110.— Kxampleo  of  Oak -stem  attacked  by  Agttioipora  laliola.  1,  Portion 
diseased  for  two  years  ;  a,  the  portion  still  health?  (  X  \).  2,  Portlou  diseased 
for  (our  ye.™  (  x  i).  3.  Section  with  spots  diseased  for  (our,  seven,  unci  ten 
yean  nepectWel;  (  x  |).     (Alter  R  Harth;.) 
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as  yet  formed  a  bark.  Portions  of  the  rind  become  brown, 
dry  up,  and  peel  off;  this  on  stronger  twigB  may  be  followed 
by  a  more  or  leaa  complete  occlusion  of  the  wounded  part. 
The  browning  also  extends  into  the  underlying  wood.  The 
mycelium  is  found  both  in  rind  and  wood,  where  it  probably 
obtains  entrance  through  small  wounds  in  the  bark.  In  the 
second  year  after  infection,  a  circular  stroma  is  formed  in 
the    bark    under    the    periderm.      Sickle-shaped    conidia    are 


Fio.  111. — Aplaotpora  UUtoin.     Portion  of  cortex  with  b: 
n.  Corky  layer ;  6,  utter  remoral  of  corky  layer ;  i 
(After  Haitlff.) 


Fia.lli-Soctlonofatrnmaof.lirlnMporii.    o,  Boundary  Fro.  llS.-o,  Conidia;  b,  wo- 
of  stroma   formed    of    dark    brown    fungus  ■  mycelium ;  spore     of     AgUxotpont     taUoia 
fc,  aclerenchymastnind  of  tho  cortai ;  c,  conidia]  cushion  ;  (  x  ISIt     (After  Hartta  ) 
d,  union  of  neck,  of  two  perlthecia.    (After  Hartlg.)  l      Tl     'Alter  oarug., 

superficially  abjointed  from  the  stromata;  while  embedded 
in  it  are  groups  of  perithecia  with  necks  which  join  together 
into  one  or  a  few  common  channels  opening  externally.  The 
asci  contain  eight  spores,  which  are  two-celled  and  bear  five 
thread-like  appendages,  one  on  each  end,  and  three  round  the 
median  septum  (Fig.  113). 
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Ag.  proftua  Fr.  (Britain  and  U.S.  America).  This  occurs 
along  with,  and  probably  is  some  form  of  DothiortUa  robiniae. 
Prillieux  and  Delacroix '  blame  it  for  killing  young  twigs  of 
Robinia  pseudacacia  in  France. 

Fenestella. 

The  stroma  is  similar  to  Eu-Valsa,  and  contains  several 
long-necked  perithecia.  The  spores,  eight  in  each  ascus,  are 
coloured  and  multiseptate,  as  in  GiKurbitaria. 

Fenestella  plat-ani  Tav.,  to  this  is  probably  related  Glow- 
sporium  luroisequivm  (Fuck.),  the  cause  of  a  disease  on  the 
leaves  of  Platanus,  and  described  under  Gheosporium. 


(3)  DOTHIDEACEAE. 

Phyllachora. 

The  perithecia  are  small  and  produced  in  a  black  stroma 
buried  in  the  tiBsue.  The  asci  contain  eight  hyaline,  oval, 
and  unicellular  spores. 

Phyllachora  graminjs  (Pers.).  (U.S.  America).  This  species 
causes  elongated  black  swellings  on  grasses  and  sedges  (Luzula 
and  Carex).  The  black  perithecia  occur  massed  together,  and 
embedded  in  the  leavea  The  asci  contain  eight  hyaline  uni- 
cellular spores. 

Ph.  trifolii  (Pers.),  with  conidial  form  known  as  PdythriTicium 
trifvlii  Kunz.  (Britain  and  U.S.  America).  The  mycelium 
causes  the  formation  of  roundish  dark  spots  on  the  gceen 
leaves  of  clover  frequented  by  it,  and  death  ultimately  follows. 
On  the  spots,  especially  those  on  the  lower  epidermis  of  the 
leaf,  the  conidiophores  make  their  appearance  as  brown  septate 
structures,  constricted  at  intervals  so  as  to  become  rosary-like ; 
they  bear  terminal,  brown,  two-celled  conidia,  the  upper  cell 
of  which   is  somewhat  spherical,  and  larger  than  the  lower. 

Ph.  croodontis  (Saec).     On  living  leaves  of  Cynodon  Dartylon. 
Ph.  podagruiae  (Both.).    On  living  leavea  of  Aegopodium  Podagraria 
(Britain). 

Some  other  species  are  found  on  withering  leaves. 

1  Bulletin  eac.  myco/.  de  France,  1800. 
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Diachora  onobrycbidis  (I).  C.)-1  This  fungus  is  common 
on  sainfoin  (Oiwbrychis  sativa)  and  Latkyms  luberosus,  causing 
black  spots  on  both  surfaces  of  the  leaf.  During  summer 
pycnidia  arise  on  the  spots,  and  from  them  are  produced  spindle- 
shaped  conidia  (spermatia)  with  tail-like  appendages.  Later 
there  arise  spherical  perithecia  containing  asci  arranged  in  tufts 
on  the  walls.     The  asci  contain  eight  oval,  hyaline,  unicellular 


Dothidella. 

The  perithecia  are  black  and  embedded  in  the  Btroma, 
similarly  to  Phyllaehora.  The  pale- coloured  spores  are,  how- 
ever, two-celled. 

Dothidella  betulina  (Fries.).  (Britain  and  U.S.  America.) 
The  black  stromata  form  spots  on  the  upper  surface  of 
birch  leaves.  In  these  the  perithecia  arise,  and  reach  maturity 
in  spring.  The  asci  contain  eight  elliptical  greenish  spores, 
consisting  of  two  unequal  cells  with  rounded-off  ends. 

D.  ulmi  (Duv.).  (Britain  and  U.S.  America.)  A  species 
similar  to  the  preceding,  and  causing  round  blistered  spots 
of  a  grey  colour  on  the  upper  surface  of  elm  leaves.  Pycnidia 
(Piggotia  astroidea)  are  formed  in  summer,  perithecia  in  the 
following  spring. 

Dothidea, 

The  stromata  have  the  form  of  black  projecting  cushions, 
in  which  numerous  perithecia  are  embedded.  The  asci  contain 
eight  greyish  or  brown  spores,  consisting  of  two  cells  with  a 
constriction  between  them. 

Dothidea  virgTiltorum  (Fries.)  attacks  living  branches  and 
stems  of  birch,  and  develops  further  on  the  dead  parts.  The 
stromata  originate  in  the  wood,  then  breaking  through  the 
bark,  make  their  appearance  externally  as  large  black  cushions. 
Whole  stems  may  be  covered  by  these  cushions. 

D.  aphaeroidea  (Cke.)  occurs  on  liviDg  needles  of  juniper. 

Plowrightia. 
The  stromata  are  black,  and   ruu   together  in   masses.     The 
asci  are  eight-spored ;   the   ascospores  ovoid   or   oblong,  hyaline 
or  light  yellow,  and  two-celled. 

■J.  Muller,  Pringthtim's  Jahrbiwh,  1893. 
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Plowrightia    morboia    (Sch.)    (Britain    and    U.S.    America). 
Black-knot    of   the    plum    tree.1      In    America    this   is    a    very 


Fio.  115.— Ptoierigtoia  nw- 
bota.  Abcub,  with  sight 
■porea.  Spores  In  earaiEiiji- 
tfon.  Fif*ni«]tou>  »n. 
phj-MS.     (Cop.  from  Futon.) 


Fio.  1H.— Ptowrisktia  uwrJoia.    (<.  Tubrnif  phot.) 

injurious  and  widely  distributed  disease  of  various  species  of 
Prunits,  especially  plum  and  cherry.  The  living  branches  and 
twigs  become  coated  with  a  crust  of  warty  excrescences,  and 
at  the  same  time  are  more  or  less  thickened  and  deformed. 
A  mycelium  permeates  the  tissues  of  those  swollen  twigs,  and 
forms  black  crusty  stromata  in  which  the  perithecia  are 
embedded.  The  perithecia  contain  simple  paraphyses  and  eight- 
spored  asei.  The  spores  consist  of  a  larger  and  a  much  smaller 
cell.     (Pycno-conidia  are  produced  frequently  in  artificial  culture, 

'Fat-low,   Bulletin  Bmmy  Institution,  Part  v.,  1876. 
Humphrey,  Annual  Report  of  Mass.  Exptr.  Station,  1890. 
Lodeman    {Corntll     Unit:    Exper.    Station,    Bulletin    No.    81,    1894)    gives 
general  account  of  Black-knot  and  a  Bibliography. 
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bat  are  rarely  found  in   natural    conditions ;    as   yet    infection 
with  these  has  had  no  result.) 

[Remedial  treatment  must  be  promptly  applied.  Trees  liable 
to  attack  should  be  frequently  examined,  so  that  any  young 
knots  may  be  early  removed.  If  the  disease  is  of  long  standing, 
the  only  remedy  left  is  to  remove  all  knotted  branches  and 
burn  them  immediately.]     (Edit) 


HYSTEKIACEAE. 

The  ascocarpa  of  the  Hysteriaceae,  like  those  of  the  Discomy- 
cetes,  are  known  as  apothecia.  They  are  distinguished  from 
those  of  the  Pyrenomycetes  and  Perisporiaceae  in  that 
the  ascocarp,  although  formed  in  or  under  the  epidermis  of 
attacked  plant-organs,  is  not  a  closed  structure  or  flask  opening 
by  a  pore  only ;  it  is,  indeed,  at  6rst  completely  closed,  but 
later  it,  as  well  as  the  epidermis  covering  it,  splits  open  and 
freely  exposes  the  whole  hymenium.  So  long  as  the  apothecium 
is  closed,  it  is  filled  with  paraphyses,  between  which  the 
developing  asci  gradually  wedge  themselves.  The  spores 
are  generally  thread-like,  with  a  gelatinous  membrane.  The 
mycelium  lives  intercellular,  and  is  often  parasitic  in  living 
plants.  The  apothecia,  however,  only  reach  maturity  on  parts 
which  have  been  killed.  In  addition  to  apothecia,  little  pycnidia 
(sperm ogo nia)  are  formed,  containing  small  unicellular  conidia. 
The  Hysteriaceae  include  the  Hysterineae,  Hypodermieae,  Dichae- 
naceae,  and   . 


HYSTERINEAE. 
HysterogTaphium. 
Apothecia  black,  highly  vaulted,  and  dehiscing  by  a  linear 
fissure.  The  asci  are  club-shaped  and  thick -walled ;  they  con- 
tain eight  multicellular  spores,  which  are  at  first  transparent, 
but  later  dark-coloured.  The  branched  paraphyses  of  the 
upper  part  form  a  coloured  epithecium.1 

Hysterographium  fraxini  (Pers.)  (Britain).    This  occurs  on 
various    Oleaceae    and    some     other    species    of    woody    plants. 

■The  excipulum  of  De   Bsry. 
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Rostrup  *  regards  it  as  a  parasite  on  Fraxinus.  Twigs  of  the 
ash  attacked  show  flat  collapsed  plates  of  bark,  on  which  are 
developed  pycnidia  containing  one-celled  conidia,  and,  later, 
the  apothecia.  On  young  twigs  the  diseased  part  often  extends 
round  the  whole  circumference,  and  causes  the  death  of  the 
upper  living  part.  As  yet  I  have  only  found  this  fungus  as 
a  saprophyte. 

HYPODERMIEAE. 
Hypoderma. 
The  apothecia  are  oblong,  and  at  first  closed  by  a  thin  black 
cover,  which  opens  by  a  long  fissure.     The  asci  are  sessile  in 


.    Flo.  \\«.—H)i*de'i»«   im 

with    gelatlnuus   end:    p 
clmate  ends.    (After  v.  Tutu 

some  species,  but  have  a  delicate  stalk  in  others.  The  spores, 
eight  in  each  ascus,  are  never  long  and  thread-like,  but  always 
much  shorter  than  the  asci,  and  two-celled  when  mature.  The 
paraphyses  have  button-shaped  or  hooked  ends. 

Hypoderma  strobicola2  (Rostr.).     Needle-blight  of  the  Wey- 

1  Rostrup,  Forttatte  Undersoegelser  ov.  SnylietvamptK  A  ngreb  paa  Skov- 
(raceme,  1883. 

'Roatnip,  Forttatte   Undertoeyelaer,  1883. 
v.     Tubenf,     Beit.     :.      A'ennfntw    d.     Baumkranlchtiten,     1888;    also     Botan. 
CmtralbltUt,  xu„   1890. 

yotr. :  When  I  decided  to  place  Lophwhrmium  brac/iysporum  under  the 
genue  Hypoderma,  there  already  existed  a  Hypoderma  oraehytporum  Speg. 
(1887).  For  the  future  1  shall  therefore  call  Loph.  brackyiporum  Rostr.  aa 
Hypoderma  atrobicola. 
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mouth    pine.      According    to    the    observations    of    Rostrup    in 

Denmark,   and    myself   in    various    localities   of   Germany,   this 
is    a    dangerous    parasite    on    Pinus   Strobus. 
*  It    kills    the    needles     and     young    shoots, 

and  may  devastate  whole  tracts  of  forest. 
The  diseased  needles  become  brown  in 
summer,  and  fall  off  during  next  winter. 
On  them  are  produced  apothecia  containing 
club-shaped  asci  and  paraphyses  with  button- 
shaped  ends.  The  eight  spores  of  each  ascus 
are  at  first  unicellular,  later  apparently  bi- 
cellular,  and  enclosed  in  a  very  mucilaginous 
F10.118.  -L»irti*.     coat-      The   asci   have   an   average   length   of 

JE5Z!£X22ft&      120|i,    the    spores    20m,    and    when    swollen 

&t&  ISaTdrtJlcuS     28   t0   30* 

t^,'  "inSStfitoL)"  1-  pinicola  Branch.1  forms  linear  apothecia 

on  needles  of  Pinm  sylventru. 
H.  ericae  Tubeuf.2     In  Tyrol  and  Northern  Italy,  this  fungus 

causes  a  disease  on  Erica  annua.     It  is  common  and  epidemic, 

causing  death  of  the  leaves. 

Hypodermella. 

Similar  to  Hypoderma,  except  that  the  spores  are  pear-shaped 
and  unicellular ;  they  occur  four  in  each  ascus,  and  are  shorter 
than  it. 

Hypodermella  sulcigena  (Link)3  has  four  long,  club-shaped, 
unicellular  spores.  Rostrup  regards  it  as  parasitic  on  Pimis 
montana  and  P.  sylrcslris,  its  mycelium  being  found  in  living 
green   needles,  and  causing  their  death. 

Hyp.  laricifl  Tubeuf."  This  is  a  new  fungus  of  the  larch- 
needle  found  by  Tubeuf  on  the  Sonnenwendstein  (Bavaria)  in 
September,  1894.  It  was  present  in  large  quantity  on  larches 
on  the  upper  part  of  the  mountain,  and  was  in  every  way  so 
decidedly  parasitic  in  character,  that  there  is  little  doubt  aB  to 
its  being  an  epidemic  disease.  The  full-grown  needles  on  many 
of    the    foliar    spurs    had    died    off    and    turned    brown.     The 

1  Brunch orst,  Nogfe  nartke  nkor»ygiIom»ie  in  Bergeni  Jtfn*.,   1892. 
'v.   Tubeuf,  Botan.   Centra/Matt,   xxl.,    1885,  and  LXI.,   1895. 
'RoMrup,  FtrrtKttte  UndtrtoeytUer,  1883. 
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apothecia  were  present  on  the  upper  surface  of  the  needles  as 
isolated  black  spots  or  united  into  lines ;  they  dehisce  by  an 
elongated  fissure.  The  asci  are  cylindrical  with  rounded  apiceB, 
and  measure  about  110/u  in  length;  they  are  almost  sessile. 
Each    contained    four    hyaline,   unicellular,    club-shaped    spores 


-mhlsckllnMonthoneedlM. 

Amui  containing  four  aports  (enlMJied). 
witn  1  gelatinous  covering 


needlevitbapothBd 


Single-  Mpt 
m   tar 


(66/1  x  16/*)   with   a    gelatinous   membrane.       The    paraphyses 
are  simple  hyaline  filaments,  shorter  than  the  asci. 

Lophoderminm. 

The  oblong  apothecia  are  embedded  in  the  host-tissues  under 
a  thin  black  cover,  which  breaks  by  a  long  fissure.  The  club- 
shaped  asci  contain  thread-like  unicellular  spores,  with  a 
mucilaginous  membrane.  The  paraphyses  are  sometimes  septate 
and  furnished  with  hooked  or  button-shaped  ends.  The  spores 
reach  maturity  on  killed  portions  of  plants,  and  are  forcibly 
ejaculated.  The  formation  of  pycnidia  (spermogonia)  precedes 
that  of  apothecia.  Many  members  of  this  genus  are  destructive 
enemies  of  plants. 

Lophoderminm  pinastri  (Schrad.).1  Pine-blight  or  needle- 
cast.  (Britain  and  U.S.  America.)  This  disease  of  the  Scots  pine 
{Pinna  sylveatria)  is  very  injurious  to  young  plants,  especially 
those  in  nurseries. 
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"  Casting  "  or  premature  withering  and  fall  of  needles  is  not 
uncommon  in  nurseries  of  pine.  Amongst  some  of  the  causes 
which  lead  to  this  are:1  frost,  drought  in  winter  on  frozen 
ground  free  from  snow,  drought  in  summer  on  dry  soil,  over- 
crowding of  plants  in  the  nursery,  and,  finally,  a  "  casting "  due 
to  fungi. 

The  symptoms  in  the  case  of  the  present  fungus  are  spotting 
and  withering  of  the  needles,  due  to  the  presence  of  a  mycelium 
inside  them.  In  early  autumn,  or  later  if  the  weather  be  dry, 
the  pycnidia  (sperraogonia)  make  their  appearance  as  little  black 
prominences  containing  tiny  unicellular  conidia.  The  flat  black 
apothecia  are  developed  later,  on  first-year  seedlings  during 
the  first  autumn,  or  on  older  plants  during  the  second  autumn, 
but  generally  they  do  not  appear  till  the  third  year;  they 
reach  maturity  on  needles  still  attached,  more  frequently,  how- 
ever, on  fallen  ones.  Dehiscence  consists  in  the  rupture  of 
their  delicate  black  covering,  through  pressure  of  the  swelling 
asci  and  spores  in  damp  weather.  The  asci  are  club-shaped 
and  contain  eight  thread-like  one-celled  spores,  more  or  less 
twisted  round  one  another.  The  septate  paraphyses  have  a 
slightly  bent  point. 

Diseased  seedlings  die  off,  generally  without  loss  of  their 
leaves.  Two-year-old  and  older  plants  are  always  weakened  by 
the  loss  of  needles,  and  in  severe  cases  are  killed.  On  such, 
the  "casting"  or  sudden  fall  of  all  infected  spurs  and  needles 
takes  place  in  spring.  The  mycelium  often  makes  its  way 
from  the  needles  into  the  tiasues  of  the  shoot,  and  then  death 
of  the  whole  plant  soon  follows.  Disease  of  the  needles  of 
old  trees  may  also  occur  without  inflicting  much  damage  on 
the  trees  themselves;  they  will,  however,  act  as  centres  for 
infection  of  younger  plants,  particularly  those  in  seed-beds 
and  nurseries  in  the  vicinity. 

Confirmatory  experiments  on  infection  of  pines  by  this 
Lophodermium  were  first  carried  out  by  Prautl,  later  by  Tursky 
and  Hartig. 

The  disease  appears  with  such  virulence  and  frequency,  that 
the  whole  of  the  young  pine -growth  of  a  locality  may  be 
destroyed.  It  is  thus  a  most  dangerous  disease,  and  at  the 
same    time    one    difficult    to    combat.      Districts    which    have 

'Holzner  gives  ft  Bummary  of  numerous  theories  on  leaf-cut,  (Freiiing,  1877). 
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suffered  by  it  should,  where  other  soil  conditions  permit,  be 
planted  with  Weymouth  pine  (Pinus  Strcbua)  and  the  Douglas 
fir  (Paevdotsuga  Douglaaii),  which  are,  as  yet,  exempt  from 
attacks  of  this  parasite.  Infection  would  seem  to  be  brought 
about  chiefly  by  westerly  winds  (in  Germany),  which  carry 
diseased  leaves  or  fungus-spores  from  infected 
places.     Large  areas   run   greater   risks   than  |\ 

small  patches  or  young  trees  naturally  sown  tf\        a 

out     Seed-beds  of  Scots  fir  should  not    be  F|j|       § 

placed  under  the  drip  of  older  trees  of  the  wl       | 

same    kind,    particularly    if    this    fungus    is  'H        U 

known  to  exist  there.     Shelter-belts  of  other  j* 

trees  often  afford  much  protection   from  this        F[o  m  _y  Lo^koirr 
disease.1  ^^^^m^ 

Lophoderminra      macroBponun     Hartig'2     (( «.  jpiSSt^^ 
(Hysteriiim).     (U.S.  America).     Scab  or  rust     HMtmp.) 
of  the  spruce.      This  disease  exhibits  itself 
in    various    ways.       Frequently    the    needles    of    the    preceding 
year   turn    brown    in    spring,   and    perithecia    are    produced    in 


,  reaching  maturity  on  two-year-old  needles.  Again,  the 
needles  of  the  two-year-old  shoots  become  brown  in  autumn, 
and    perithecia    appear    on    them     in    the    following    summer, 


'Preventive  measures  are  diacuaaed   in  greater  detail   ii 
translation  of  Hartig'a  Disease*  of  Trees,  p.   115. 
'  R.  Hartig,   Wichtige  Krtmkhciten  d.    Waldbaume,  1874. 


Prof.    Sonterville'a 
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ripening  in  the  spring  of  the  fourth  year.  Or,  again,  a 
"casting"  of  brown  one-year-old  needles  may  take  place  in 
autumn. 

The  disease  is  found  everywhere,  but  in  some  parts  (e.g.  in 
the  forests  of  Saxony '),  it  is  exceedingly  common  and  very 
dangerous.  The.  apothecU  are  developed  as  long,  shining,  black 
swellings  on  the  two  under  surfaces  of  the  quadrangular  needles 
(Fig.  121).  The  clu  b- shaped  asci  emit 
thread-like  spores  with  gelatinous  coats. 
The  ascospores  produce  a  strong  germ-tube, 
which  grows  inside  the  needles  to  an 
intercellular  mycelium  without  haustoria. 
Browning  and  shrinkage  of  the  cells  of 
attacked  needles  soon  follow.  The  myce- 
lium also  penetrates  into  the  cells  of  the 
epidermis,  and  develops  there  a  coil  of 
hyphae,  which,  under  a  black  membranous 
cover,  forms  an  apothecium  containing 
paraphyses  and  club-shaped  asci  (Fig. 
122).  When  ripe,  the  apothecia  rupture 
the  overlying  epidermis.  Little  black 
pyenidia  (spermogonia)  may  also  occur  on 
diseased  needles.2  On  needles  which  have 
been  prematurely  ca3t,  only  little  spherical 
apothecial  knobs  will  be  found. 

According  to  Hartig,  the  effects  of  this 
nc<c'^ip«r«~r  <m  s™i«!  fungus  on  the  cells  of  attacked  needles  is 
some  ""hnYo  Ruminftt«i  very  interesting.  If  the  disease  of  the 
Ra,Htitig."  "*""'  (*  r  needles  appears  in  autumn,  the  cells,  which 
at  this  time  are  void  of  starch,  become 
brown  and  die.  If  the  disease  attacks  in  May,  when  the 
needles  are  rich  in  starch,  their  death  ensues  soon,  but  the 
starch  only  disappears  gradually  from  October  onwards,  as  it 
is  used  up  by  the  fnngus-hyphae.  If  the  disease  appears  in 
spring,  when  starch-storage  is  just  beginning,  the  cells  already 
attacked  become  quite  full  of  starch,  whereas  the  other  cells  of 
the  same  needle  remain  empty. 

■Nobbe,  Ber.  d.  i&ch>Uchea  Forstvcrei-nn   Vtrtammlung  zu  Schandtm,   1891. 
'Another    ascomycetous    fungus — Naevia  piniperda   Rehm — occurs  alone   or 
together  with  this  specits  ;  Rehm  regards  it  as  parasitic  {Hedwjia,\W2,  p.  302). 
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Lophoderminm  nerviaeqnium  (D.  C.)1  (U.S.  America).  This 
very  common  fungus  attacks  both  old  and  young  silver  firs. 
The   needles   die   after  becoming  brown,  and  remain  for  a  long 


Flo.  12*.— lopAocltrnuuiit  iwvitfoniun 
on  Abin  jwrti.inta  (Hllver  Flr>.  1.  Under 
surface  of  needle  with  apothecla. 
Upper  mrfacf      ■" 


lar 


Flo.  125.—  taphadirmiianimittBuiilit.  Section 
of  a,  needle  of  Silver  Fir  6,  Vycnldlum  on 
upper  aurface   shedding  conldln.     a.   Apathe- 

cluni  on  the  lower  lurf ace.     (Alter  li.  Unrtig.) 


RHiirUg.) 


— Lopliadiruiium  ntruiwouiuin  on  Silver  Fir.  Portion  of  s  ripe  aiiotae 
i,  Filamentous  paraphvaea ;  rod-lllte  ceil«(conidla?),  t.  mblolnted  [mm 
of  the  pamphytes ;  the  ucl  contain  eight  spore*  about  hall  as  long  as 


•t,  the  other  wtUu 


time  hanging  on  the  twigs.  The  disease  varies  in  its  develop- 
ment on  the  mountains  and  lowlands,  according  to  climatic 
conditions. 

1  R.  Hartig,    Wiehtige  KraxkhtUnt,  1874. 
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The  mycelium  lives  intercellular,  and  produces  the  same 
effects  on  the  cells  of  the  fir-needles  as  those  of  Lopk.  maero- 
sporum  on  the  spruce.  The  mycelial  hyphae  penetrate  into  the 
epidermal  cells  and  form  a  cushion,  which  bursts  the  epidermis 
and  gives  rise  to  numerous  straight  conidiophores,  with  very 
small,  oval,  unicellular  conidia.  The  apothecia  are  developed 
while  the  needles  are  on  the  tree  or  after  they  have  fallen; 
they  form  shining  black  stripes  on  the  middle  nerve  of  the 
lower  surface  of  the  needle  (Fig.  124).  The  thread-like  spores 
have  a  mucilaginous  coat,  and  are  ejaculated  from  club-shaped 
asci  (Fig.  126).  Pycnidia  (spermogonia)  are  often  produced 
before  the  apothecia  as  long  wavy  bands  on  the  middle  nerve 
of  the  upper  surface  of  the  needle  (Fig.   125). 

L.  jnniperinnm  (Fries.)  (Britain  and  U.S.  America).  A 
common  species  on  dead  needles  of  Juniper  communis,  also  on 
needles  on  the  branch ;  I  have,  however,  never  seen  it  in  such 
mass  as  to  believe  it  to  be  a  dangerous  parasite. 

L.  gilvum  Rostrup1  attacks  and  kills  living  needles  of  the 
Austrian  black  pine. 

L.  laricinum  Duby.  The  pycnidia  and  apothecia  of  this 
fungus  are  common  on  dead  needles  of  larch,  but  parasitism  has 
not  been  proved. 

L.  abietis  Rostr.  A  species  found  by  Bostrup  on  needles  of 
spruce,  causing  yellow  spots  and  then  large  black  points  (Fig. 
121,2). 

DI8COMYCETES. 

The  Discomycetes  have  an  apothecium  of  varying  shape,  but 
always  more  saucer-like  than  spherical.  The  ascocarp,  at  first 
a  closed  structure,  opens  sooner  or  later  and  exposes  the 
hymenium.  The  apothecium  is  composed  of  two  distinct  portions 
of  mycelium.  The  essential  part,  often  called  the  hymenial 
layer,  consists  of  hyphae  which  give  rise  to  the  asci  The 
remaining  portion  of  the  ascocarp  forms  a  support  or  envelope 
for  the  hymenium;  it  consists  of  a  pseudoparenchyma,  and  may 
be  differentiated  into  a  sub-hymenial  layer  or  hypothecium  with 
its  hyphae  interwoven  with  those  of  the  hymenium,  and  a 
lateral  portion  or  excipulum  usually   more   or   less  cup-shaped. 

1  Rostrup,  Format*  UndermegelMr,  1883, 
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The  paraphyses  are  developed  from  the  mycelium  of  the 
envelope  and  occupy  the  interior  of  the  aacocarp,  while  the 
asci  arise  later  from  the  ascogenous  hyphae  and  force  their  way 
in.  The  formation  of  asci  and  paraphyses  may  go  on  for  a 
long  time.     Periphyaes  are  not  produced. 

The  Discomycetes  include  five  divisions,  the  Pkacidiaceae, 
Stictideae,  Tryblidieae,  Dermaieaeeae,  and  Pezizeae.  Many  of 
the  species  included  in  these  are  parasitic  on  cryptogamic 
plants  to  form  lichens,  the  majority  are  saprophytes,  and  only 
a  few  isolated  groups  are  true  parasites  on  higher  plants.  The 
latter  belong  to  the  Phacidiaceae,  Dermateaceae,  and  Pezizeae. 


(1)  PHACIDIACEAE 
The  apothecia  are  black  and  thick-walled,  at  first  embedded 
in  their  substratum,  but  later  breaking  through  it.  The  asco- 
genous layer  is  spread  out  on  a  delicate  flat  hypothecium. 
The  black  apothecia  of  the'  species  of  Phaeidium  are  frequent 
on  leaves  and  needles.  Eehm  divides  the  group  into  two 
families:  the  JSuphacidieae  and  the  Psmdophaeidieae. 


EUPHAC1DIEAE. 

The  apothecia  are  embedded  in  the  tissues  of  the  host ;  the 
superincumbent  layers  of  the  substratum  forming  over  them  a 
blackish  membranous  plate,  which  is  ruptured  into  lobes  and 
exposes  the  black  apotbecial  disc. 

Phaeidium. 

The  apothecia  are  fused  with  the  superincumbent  layers  of 
the  host-plant,  and  the  black  cover  so  formed  is  split  into 
several  lobes.  The  club-shaped  asci  contain  eight  colourless, 
unicellular,  ovoid  or  spindle-shaped  spores.  The  paraphyses 
are  filamentous.  The  pore  of  the  ascus  is  coloured  blue  by 
iodine. 

Phaeidium  repandum  Fr.  (Britain).  Occurs  on  living  leaves 
and  stems  of  Asperula  odorata,  Galium  moltttgo,  and  other 
Bubiaceae.  The  pyenidial  form  is  probably  Phyllachora 
pwicti/ormis  Fr. 
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Schixothyrinm. 

The  roundish  or  oblong  apothecia  dehisce  by  lobes.  The  club- 
shaped  asci  contain  oblong,  hyaline,  two-celled  spores. 

Sch,  ptarmicae  Desm.  (Britain).  This  occurs  as  a  parasite 
on  living  green  leaves  and  stems  of  Achillea  Ptarmica.  The 
apothecia   form   little   black   points,   which   on   rupturing  break 


Flo.  1ST.— SckkotliyriuM  ptamitat  on  AekUUa  Ptarmiea.     (t.  Tuboul  doL) 

up  the  epidermis  into  lobes.  The  thick  asci  contain  two  to 
four  large  two-celled  spores.  Paraphysea  are  present.  A  pycnidial 
form  is  known  as   Lcptothyrium  ptarmicae  (Sacc.). 

EhytiBma. 

The  fungi  of  this  genus  live  in  the  tissues  of  living  plants  and 
form  sclerotial  cushions  as  isolated  black  spots.  In  these  places 
the  pycnidia  are  developed,  and  are  followed  by  apothecia  after 
the  death  of  the  leaves.  The  apothecia  open  by  a  fissure,  and 
contain  thread-like  paraphyses  and  club-shaped  asci  with  eight 
needle-shaped  spores,  which   are  septate   when  mature. 

Rhytisma  acerinum  (Pers.)  (Britain  and  U.S.  America). 
Towards  the  close  of  summer,  the  large  black  spots  caused 
by  this  fungus  on  leaves  of  various  species  of  Acer  (sycamore 
and  maple)  are  by  no  means  uncommon.  Pycnidia  (Melaamia 
acerinum  Lev.),  containing  little  unicellular  conidia,  are  first 
produced  under  the  cuticle,  while  the  epidermis  and  under- 
lying cells  become  filled   with  mycelium  till   a  black  sclerotium 
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is  completed.  Id  the  following  spring,  the  sclerotium-spots 
on  the  fallen  leaves  have  become  thicker  and  superficially 
wrinkled.  At  this  stage  the  apothecia  are  produced,  and 
dehisce  by  fine  elongated  fissures ;  they  contain  club-shaped 
asci  and  thread-like  paraphyses  with  hooked  ends.  The  thread- 
like ascospores  are  ejaculated  with  considerable  force,  and  reach 


Fig.    I2S.—  JUiyiimin    I 
ftpoth«lal  cuahioru  jib  r 


Two   ■pothacUl  cuaUon* 


_    ._  lal  of  Actr 

pltttiiuiida  with  the  m»turo 
of,  with  their  sbu*ctarlaH« 


maturity  in  May  or  June.  According  to  Klebahn,1  the  spores 
have  a  mucilaginous  membrane,  but  this  does  not  throw  much 
light  on  the  problem  of  how  they  reach  the  leaves  of  trees; 
wind,  however,  would  seem  to  be  the  agent  for  distribution.  In 
three  weeks  after  infection,  leaves  show  yellow  spots ;  in  eight 
weeks  the  pycnidia  appear. 

>Botan.   CenlraMatt,  LVIII.,   ]8M,  p.  321. 
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The  disease  is  best  combated  by  prompt  removal  of  fallen 
leaves  in  autumn;  where  this  rule  is  followed  Shytisma  is  seldom 
found  (aee  p.  71). 

Rhytisraa  punctatum  (Pera.)  (Britain  and  U.S.  America). 
Whereas  the  spots  of  the  Rkytisma,  just  considered  are  large, 
those  of  this  species  seldom  exceed  a  few  millimetres.     They  are 


black  in  colour,  angular,  and  scattered  over  the  whole  leaf- 
surface.  After  the  leaf  has  turned  yellow,  portions  of  it  sur- 
rounding spots  of  this  Ehytisma  retain  their  green  colour,  so 
that  we  have  black  spots  on  green  islands  in  the  yellow  leaf. 
The  sclerotia  dehisce  by  valves.  The  apothecia  contain  thread- 
like paraphyses  and  asci.     The  asci  are  club-shaped  and  contain 
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eight  needle-shaped  unicellular  spores ;    pycnidia  (spermogonia) 
with  little  unicellular  conidia  are  also  formed. 

The  fungus  attacks  leaves  of  sycamore  (Acer  Pseudoplatanua), 
the  black  spots  making  their  appearance  in  September.  The 
apothecia  ripen  on  the  ground  during  the  following  summer.1 


II.— JUftfou  jynuutriotn  Mllll.     Two 


Pio.  190.— Sectlone  of   Maple   lu>« 
"      upper  epidermis  ruptured 


by  1, nS**limu 


the  lhaded  middle  part  represent!  la 
the  remainder  la  the  light  fungal  at 
which    the    darker   apothecia    are    ec 


Rh.  salicinum  Pers.  (Britain  and  U.S.  America).  Thickened 
black  wrinkled  spots  appear  frequently  on  living  leaves  of  various 
species  of  willow,  e.g.  Salix  Caprea,  S.  cinerea,  etc,  also  on  some 
alpine  willows,  t.g.  S.  reticulata.  These  contain  apothecia  of  this 
fungus,  which  reach  their  full  maturity  during  the  second 
summer. 

1  DyKonvycojmt  rhytinmoida  Ahull.  Black  spots  similar  to  those  of  Rhytisma 
appear  on  the  leaves  of  sycamore.  The  black  crusts  are  here  only  subcuticular 
and  enclose  a  transparent  tissue  from  which  large  spherical  spores  are  produced. 
The  systematic  position  of  this  fungus  is  unknown. 
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Rh.  symmetricum  J.  Miiller  (Eh.  aiiiumnale  Schroeter)'  is  a 
form  occurring  on  Solve  purpurea  and  recently  separated  as  a 
distinct  species.  This  willow,  one  of  the  best  for  cultivation, 
may  often  bo  seen  with  its  leaves  covered  with  black  spots, 
and  the  disease  may  spread  over  every  tree  in  a  nursery. 

The  apothecia  are  found  on  the  upper  surface  of  the  leaf, 
on  black,  shining,  and  much  wrinkled  cushions.  In  addition, 
black  apothecial  cushions  are  developed  on  the  under  surface 
of  the  leaf,  which  is  not  the  case  with  any  other  species  of 
Bhytisma.  According  to  Schroeter,  the  spores  ripen  in  autumn 
on  still  living  leaves. 

(Thin  aperies  may  be  synonymous  with  Rh.  auttrale  Dur.  et  Mont,  on 
Salix  purpurea  in  Algeria.) 

A  species  which  causes  little  thick  cushions  on  Salix  Caprea  has  been 
called  Rhytitma  umbonatum  Hoppe. 

Rh.  andiomedae  Pers.  occurs  on  leaves  of  Andromeda  polifoUa,  (Britain 
and  U.S.  America). 

Rh.  empetri  Fries,  on  leaves  of  Empetrum  nigrum.     (Britain). 

Rh.  juncicolum  Rehm  on  Juncus  Hottii. 

Rh.  urticae  Fr.  on  sterna  of   Urtica  dioica.     (Britain  and  U.S.  America). 

Rh.  bistortae  D.  C.  on  Polygonum  viviparum  in  France,  Greenland,  and 
America. 

PSBUDOPHACIDIEAE. 
The  apothecia  are  at  first  embedded  in  their  substratum, 
under  the  superincumbent  layers  of  the  host-tissue,  and  form 
blistered  patches ;  on  rupture,  this  cover  forms  a  rim  round 
the  apothecial  cushion;  the  excipula  of  the  apothecia  themselves 
are  membranous,  generally  black,  and  dehisce  by  lobes  or 
fissures  on  tbe  apex. 

OryptomyceB. 

The  apothecia  break  out  from  the  substratum  as  black  crusts. 
The  asci  contain  eight  oval,  unicellular,  colourless  spores.  The 
paraphyses  are  thread-like  and  septate. 

Cryptomycea  m&ximnB  Fries.1  (Britain  and  United  States). 
This  fungus  lives  parasitic  on  twigs  of  various  species  of  willow. 

'J.  MltUer,  "Znr  Kenntniss  A.  Hunzelachorfs,"  Pringsheim's  Jahrbuch,  1893. 
Schroeter,  Flora  v.  ScUfnm,  1894. 

Both  appear  to  be  identical  with  Rk.  amphigtnum  Wallr.  {Ftor,  Crypt.  II.  412). 
1  Tuhune,  StUet.  fungorum  Carpologia,  m. 
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especially  Salix  incana,  but  also  on  S.  purpurea.  When  the 
black  apothecial  cushions  break  out  through  the  bark,  the  twigs 
of  the  host-plant  are  frequently  still  green  and  leaf-clad. 

The  apothecia  originate  in  the  lower  bark  and  so  loosen 
the  epidermal  layers  as  to  cause  the  appearance  of  yellow  spots. 
Black  centres  appear  in   the  spots,   due  to  the  formation   of  a 


w  haa  been  only  unrUnIly  developed;  the 
imtlnff  tUaue.  ta.(3  of  looee  hjt.bue,  which, 

wild  a,  ivruifl  mo  bliuui*  prupvi  |  v,  the  MCOg eno Ufl  Uj  6T.    (Loiia-m Bgni flcfctiOTI . ) 

2,  Aacl,  showing  a  dry  iuvui  ;  one  to  which  water  hu  been  added,  ao  that  It  U 
elongating ;  rnio  nipturod  and  ejaculating  aporee.  S,  Young  etranata  la  spring, 
■till  DOTgnd  hj  the  epidermis  of  the  Salt*.  *,  Willow  twig  after  detachment  of 
tho  palchea  of  OfBUmimi  Id  tuitumn.     (T.  Tubeuf  del.) 

black  apothecial  cover  underneath  the  epidermis.  On  rupture 
of  the  epidermis,  black  apothecial  cushions  emerge  and  cover 
large  areas  of  the  living  twigs.  Rain  causes  the  apothecia 
to  become  gelatinous,  and  to  swell  considerably ;  on  drying 
the  cushions  roll  up  and  fall  off,  leaving  scars  in  the  bark 
(Figs.    132,  4). 
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A  longitudinal  section  through  a  cushion  exhibits  a  thick 
hypothecium,  consisting  of  a  close  pseudoparenchyma  of  hyaline 
fungal  cells,  which  permeate  every  tissue  of  the  bark  and  cause 
death  of  the  cambium  ;  above  this  conies  a  looser  layer  with 
many  air-spaces,  and  over  this  the  layer  from  which  the  asci 
and  paraphyses  arise. 

The  asci  contain  eight  oval  unicellular  spores  with  distinct 
cell-nuclei.  When  a  section  is  placed  in  water,  a  very 
evident  swelling  takes  place,  and  the  asci  elongate  to  twice 
their  original  length.  I  have  not  observed  ejaculation  of 
spores,  but  rupture  of  the  asci  occurs  in  water-preparations 
and  the  spores  are  set  free  in  large  numbers.  The  spores 
probably  germinate  and  infect  young  shoots,  the  mycelium 
hibernating  there. 

The  effects  of  tbis  fungus  are  death  of  diseased  twigs  of 
willow  above  the  spot  where  a  sporogenous  cushion  is 
formed. 

This  species  is  also  said  to  frequent  Cornus  in  America. 

Cryptomyces  pteridis  (Rebent.)  occurs  on  fronds  of  Pteris 
aquilina,  but  whether  a  parasite  or  not  is  as  yet  uninvestigated. 
The  asci  ripen  after  the  fronds  have  passed  through  the  winter. 
To  this  belongs  the  conidial  form  Fu&idium  pteridis  Kabh. 

Olithrifl. 

The  apothecia,  at  first  spherical,  become  oblong,  and  break 
through  the  superincumbent  layers  by  a  lobed  fissure.  The 
apothecial  disc  is  oblong  and  flat.  The  club-shaped  asci  contain 
eight  hyaline  spindle-shaped  or  thread-like  spores,  with  one  or 
more  cells.  The  paraphyses  are  thread-like.  The  majority  of 
this  group  are  saprophytes. 

Olithris  (Colpoma)  quercina  (Fers.)  (Britain).  According  to 
Schroeter,1  this  causes  disease  and  death  of  living  branches  of 
oak.  The  oblong  apothecial  discs  are  greyish-white,  and  covered 
at  first  by  a  brownish-grey  wall  which,  later,  becomes  ruptured. 
The  ascospores  are  simple.  Cylindrical  pycnidia,  with  somewhat 
bent  conidia,  are  also  produced. 

CI.  juniperi  (Karst.)  occurs  on  living  twigs  of  juniper.  Nothing  is 
known  of  its  parasitism. 

1  Schroeter,  Pike  8chlt$itn»,  1883. 
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Dothiora. 

The  spherical  apothecia  are  embedded  in  the  substratum,  which 
they  rapture  into  lobes,  while  they  themselves  dehisce  by 
irregular  fissures.  The  club-shaped  asci  contain  eight  colourless 
or  yellow,  club-shaped  or  spiudle-sbaped,  multicellular  spores. 
Paraphyses  are  never  present. 

Dothiora  sphaeroides  (Pers.)  is  regarded  by  Rostrup  as  the 
cause  of  a  disease  of  the  Lombardy  poplar  (Populus  pyra/midalis), 
in  which  the  branches,  particularly  those  of  the  upper  part 
of  the  tree,  die  one  after  another  till  all  are  gone.  The  spores 
are  club-shaped  and  constricted  at  the  middle  ;  each  half  is 
divided  by  four  or  five  cross-septa,  and  each  cell  so  formed 
is  again  subdivided  by  a  longitudinal  septum. 

Vuillemin  ascribes  the  same  disease  to  Didymosphaeria 
populina  Vuill.  (see  p.  218). 

According  to  Rehm,  Do.  splmeroides  also  occurs  on  Papains 
tremvla,  and  is  distinguishable  from  Do.  matila  (Fr.)  on  both 
Populus  italica  and  P.  tremtda. 


Heterosphaeria. 

The  spherical  apothecia  are  at  first  embedded,  but  later  emerge 
through  the  covering  layers  and  dehisce,  their  apices  breaking 
up  into  teeth-like  lobes;  they  are  dark-brown  or  black  in  colour. 
The  asci  are  club-shaped  and  contain  eight  spores,  which  are 
colourless,  oblong  or  club-shaped,  and  consist  of  one,  two,  or 
four  cells.  Iodine  colours  the  pores  of  the  asci  blue.  The 
paraphyseB  are  colourless  and  thread-like. 

HeteroBphaeria  Patella  (Tode).  (Britain  and  U.S.  America.) 
The  asci  contain  eight  bicellular  spores.  The  paraphyses  are 
thread-like  and  septate,  some  being  forked  or  branched ;  they 
bear  scalpel-shaped  conidia. 

The  mature  apothecia  are  found  chiefly  on  the  stems  of 
various  Umbdliferae,  e.g.  Daucus  Carota,  Anethum  graveolens, 
Petroselinwm  sativum,  Pastinam,  etc.  A  variety  aij>estris  occurs 
amongst  the  mountains  on  fferaeictim  Sphondylium,  also  on 
Qentiana  luiea,  Veratrum  viride,  etc.  Rehm  and  others  believe 
that  the  fungus  attacks  living  green  parts  of  plants,  and  reaches 
maturity  in  the  following  year  on  the  killed  organs. 
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Scleroderris. 


A  black  stroma  is  formed  in  the  bark  of  twigs  attacked 
by  this  fungus,  and  thence  the  apothecia  break  out  in  great 
numbers,  at  first  as  closed  spheres,  later  as  stalked  open 
cups  with  finely  lobed  rims.     The  asci  are  cylindrical  or  club- 


g  crow-like  fiuun 
potharfAftre  pr«< 


m  on  HvinR  twig  at  Salic 
B,  SwOooh  q[  dlMMsd  bnui 


Flu.  13S.-  StltrtdtrrU  ful i- 
Safii    Capria.     *»-    Tubeuf 

shaped,  and  contain  eight  colourless  spores  which  are  club- 
shaped,  needle-shaped,  or  thread-like,  and  divided  by  septa  into 
four  to  eight  cells.  The  pores  of  the  asci  are  coloured  blue 
by  iodine.     The  paraphyses  are  thread-like. 
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Scleroderris  foliginoBa  (Fries).  (Britain  and  U.S.  America.) 
Thia  was  considered  to  be  a  saprophyte  till  my  attention  was 
directed  to  its  injurious  nature.  It  occurs  on  living  branches 
of  Salix  Caprea,  S.  triandra,  S.  alba,  etc,  and  brings  about 
their  death.  The  black  cruets,  on  which  the  apotheeia  develop, 
appear  both  on  weakly  twigs  and  strong  branches.  The  my- 
celium makes  its  way  through  the  tissues  to  the  cambium,  which 
it  kills,  causing  this  and  neighbouring  parts  to  become  brown. 
Adjacent  parts,  as  yet  unattacked,  continue  at  first  to  grow  in 
thickness,  but  they  too  are  gradually  killed.  As  a  result,  the 
twigs  attacked  grow  irregularly  according  to  the  extent  and 
number  of  diseased  places  (Fig-  134);  and  when  all  or  most 
of  the  lower  tissues  of  a  twig  are  killed,  the  higher  parts 
die  ofT  with  their  leaves.  Wherever  the  fungus  appears,  many 
trees  are  generally  attacked. 

i  the  living  stems  of  Rhinanthacene 

Sc  ribesia  (Pers.)  is  a  common  species  on  twiga  of  red  and  black  currant, 
but  whether  parasitic  or  not  is  unknown. 


(2)  DEEMATEACEAE. 
The  apotheeia  are  developed  at  first  either  under  the  sub- 
stratum   or    altogether    superficially.      The    ascogenous    layer 

extends  over  a  thick  hypothecium. 

The  Dermateaceae  contain  the  Cenangieae,  Dtrmateae,  Patel- 
lariaceae,  and  Bidgariaccae. 

CENANGIEAE. 
Apotheeia  at  first  embedded,  then  exposed.     They  are  sessile, 
clavate  or  cone-shaped,  and  broaden  out  to  discs  on  opening. 

Oenangium. 

Apotheeia  globose ;  on  dehiscence  at  first  cup-shaped,  but 
afterwards  flatter  and  more  saucer-shaped,  with  entire  margins; 
they  may  occur  singly  or  massed  together.  The  club-shaped 
asci  contain  eight  colourless,  oblong,  unicellular  spores,  and 
filamentous  paraphyses  with  thickened  apices. 

Oenangium  abietis  (Pers.).  (Britain  and  U.S.  America.)  This 
fungus  is  usually  a  saprophyte,  but  Thiimen  suggests  it  as  an 
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occasional  parasite.  Schwarz1  has  recently  described  it  as 
attacking  pines,  weakened  by  an  impoverished  water  supply  to 
the  twigs  and  by  other  unfavourable  conditions.  It  appeared 
for  a  time  as  an  epidemic  in  the  pine  forests  of  Germany,  but 
very  soon  disappeared  again. 

The  symptoms  of  disease  were,  withering  of  twigs  in  spring 
from  the  apex  downwards  into  the  region  several  years  old. 
The  epidemic  had  been  previously  noticed  in  the  spring  of 
1892,  and  was  described  by  Hartig,  who,  along  with  Kienitz, 
regarded  it  as  a  result  of  the  long  dry  preceding  winter.  The 
disease  has  never  been  observed  on  pines  under  five  years  old, 
and  serious  injury  only  results  when  the  fungus  is  accompanied 
by  damage  done  by  insects.  The  apothecia  containing  the  asci 
are  generally  produced  only  on  dead  twigs  and  needles. 

Schwarz  regards  as  a  conidial  form  of  this  species,  Brun- 
ehoratia  destruens  Erikss.,  which  will  be  described  in  greater 
detail  amongst  the  "  Fungi  imperfecti."  In  addition  to  Brun- 
chorstia,  other  pycnidia  with  unicellular  conidia  occur. 

DERMATEAE. 
The  apothecia,  at  first  spherical  and  embedded  in  their  host, 
break  out  in  clumps;  they  are  generally  short  and  thick-stalked, 
and   open   to   form  a  roundish  saucer-shaped  disc  with  an  un- 
broken rim.     The  hypothecium  is  thick  and  often  coloured. 


Dermatella 

A  stroma  is  developed  under  the  bark  of  the  attacked  parts 
of  the  host,  and  in  it  originate  dark  brown  apothecia  with 
short  thick  stalks.  The  bark  is  ruptured  and  the  apothecia 
emerge  as  fiat,  expanded,  saucer-shaped  discs  with  a  complete 
rim.  The  asci  are  club-shaped  and  thick-walled.  The  spores, 
at  first  unicellular,  later  multicellular,  are  large  and  colourless 
or  brownish.  The  paraphyses  are  septate  and  generally  forked ; 
they  often  form  a  coloured  epithecium. 

Dermatella  prunastri  (Pers.)  (Britain  and  U.S.  America). 
According  to  Ludwig,  this  lives  as  a  parasite  on  the  living 
bark    of    plums,    apricot,   sloe,    and   other    species    of  Prunus. 

'Schwarz,  Die  Erlnxmhmg  d.   Kit/em  durch  Ctnangium  abietis,  Jena,   1895. 
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Apothecia   and    pycnidia  (Sphaeronema  spurium.  Fr.)    ate   both 
developed.     The  ascospores  are  one-celled  and  hyaline. 

[Wagner1  adds  the  following  species  found  by  him  in  Saxony  as  more 
or  less  marked  parasites  :  (Edit) 

Dermatea  (Pezicula)  cinnaraomea  (Pers.)  on  Querent.  It  attacks  the 
rind  in  places  injured  by  deer,  and  causes  injury  to  the  trees. 

D.  (Pez.)  caipinea  (Pers.)  kills  many  young  hornbeams  ;  it  probably 
obtains  entrance  through  wounds. 

D.  (Pez.)  acerina  Karat,  is  a  doubtful  parasite  on  Acer  Pteudoplatanu*.] 

BDLGARIACBAE. 

Bulgaria  polyroorpha  Wett.  (B.  inqvxnatu  Fr.)  (Britain  and  U.S. 
America).  A  dangerous  enemy  of  the  oak,*  causing  death.  Researches 
into  its  parasitism  are  still  wanting.  The  sporocarpa  develop  on  dead 
bark,  especially  of  beech. 


(3)  PEZIZEAE. 

The  apothecia  are  never  embedded,  but  appear  as  saucer-  or 
cup-like  structures  on  the  substratum;  they  are  fleshy  or  waxy, 
and  often  of  bright  colour.  The  hypothecium  is  very  strongly 
developed. 

The  families  included  in  this  group  are  :  Mollisieae,  Selotieae, 
Eupezizeae,  and  AscdboUae.  Of  these,  all  except  the  last  con- 
tain parasitic  forms.  The  Mollisieae  and  Selotieae  contain  also 
a  number  of  lichen-fungi  not  considered  of  sufficient  practical 
value  to  be  included  here.  The  Ascoboleae  live  as  saprophytes  on 
animal  droppings. 

MOLLISIEAE. 
The  apothecia  generally  sit  free  throughout  their  whole 
existence  on  a  close,  firm  substratum  of  hyphal  tissue,  or  they 
may  be  sunk  in  the  host  and  break  out  later;  they  are  at 
first  closed  and  spherical  (rarely  tapering  downwards),  but  after- 
wards open  and  expose  a  cup-like,  saucer-shaped,  or  flat  disc  of 
asci.  The  disc  is  waxy  and  soft ;  externally  it  is  brownish 
and  generally  smooth ;  exceptionally  it  may  be  downy  or  beset 
with  short  hairs  or  bristles.     The  sporocarps  are  brown  and  com- 

'Ze-iUch,  J.    Pflanw.nh-nnkhr.itcn,   1896,  p.   T6. 
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posed  of  pseudoparenchyina,  which,  towards  the  margins,  becomes 
more  elongated  and  prosenchymatous.  Hypothecium  generally 
poorly  developed. 

Molliaia. 

The  sessile  brownish  apothecia  on  opening  generally  exhibit  a 
flat,  saucer- shaped,  transparent  stratum  of  asci.  The  spores  are 
unicellular,  hyaline,  and  spindle-shaped  or  club-like.  The 
paraphyses  are  hyaline  or  coloured,  sometimes  forked. 

Molliaia  Morthieri  (Sacc).  The  apothecia  are  developed  on 
yellow  spots  of  the  lower  epidermis  of  living  leaves  of  Ruhus 
Schleiekeri  and  E.  fruticosus.  The  young  apothecia  are  reddish- 
brown  and  spherical ;  when  open  they  form  yellowish -brown 
discs  with  very  delicate  margins.  The  asci  contain  eight 
spores,  arranged  in  two  rows.  The  spores  are  unicellular,  club- 
shaped,  and  colourless.  The  paraphyses  are  colourless  or 
brownish,  with  slightly  bent  points. 

Niptera. 

Apothecia  as  in  Mollisia.  The  spores,  however,  on  com- 
pleting their  development  are  two-celled. 

Niptera  hypogaea  (Bres.).1  Found  by  Bresadola  in  Southern 
Tyrol,  underground  on  the  roots  of  Adenostyhs  albi/rons.  The 
apothecia  are  massed  together  on  brown  hyphae  in  blackened 
parts  of  the  host-roots.  The  ascogenous  disc  is  greyish-brown 
or  whitish,  with  fine  fibrous  margins.  The  asci  are  spindle- 
shaped,  and  contain  eight  spindle-shaped  colourless  spores, 
which  are  at  first  one-celled,  later  two-celled.  The  septate 
colourless  paraphyses  are  forked. 

Pseudopezua. 

The  members  of  this  genus  live  as  parasites  in  the  leaf- 
tissue  of  higher  plants  and  produce  dead  brown  spots,  in  which 
the  ascocarps  are  afterwards  developed.  The  apothecia  have 
delicate  walls,  and,  after  rupturing  the  epidermis,  emerge 
as  delicately-coloured  saucer-like  hymenial  discs.  The  club- 
shaped  asci  contain  eight  spores,  arranged  in  two  rows.      The 

1  Breeadola,  Fungi  (ridetU,  A.  lxxv.,  Fig.  1. 
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sporea  are  ovoid  or  elliptical,  colourless,  and   unicellular.     The 
colourless  pamphy3es  have  thickened  apices,  rarely  forked, 

Paeudopezixa  (Phacidittm)  trifolii  (Bernh.).  Leaf-spot 
disease  of  the  clover.  This  disease  appears  on  the  leaves  of 
various  species  of  clover  in  Europe  and  America ;  its  attacks 
may  attain  considerable  severity,  and  inflict  great  injury  to 
crops.  The  leaves  become  spotted,  and  finally  die  off.  The 
apothecia  occupy  brownish-yellow  discs  on  the  surface  of  the 
leaf,  and  hence  are  not  unlike  pustules  of  a  Puoeinia.  The  asci 
are  club-shaped,  and  contain  eight  ovoid,  unicellular,  colourless 
spores.  The  paraphyses  have  broadened  apices,  rarely  forked. 
A  conidial  form  (Spkaeronema  phacidioides  Desm.)  is  generally 
allocated   to  this  species. 

Pa.  trifolii  (nor.  medicaginit)  (Lib.)  is  found  on  species  of  Medicago 
(Britain  and  U.S.  America). 

Pa.  bistortae  (Lib.).  This  occurs  on  the  lower  epidermis  of  living  leaves 
of  Polygonum  Bittorta,  and  P.  viriparum,  causing  dark-brown  swollen 
spots  where  the  apothecia  are  developed.  Juel '  has  transferred  this  species 
to  the  Phacidiaceat,  and  named  it  P*eudorhyti*ma  bistortae  (D.  C). 

Pa.  aliamatia  (Phill.  et  Trail)  causes  spots  on  leaves  of  A  liana  Plantago 
(Britain). 

Fabraea. 

This  genus  is  distinguished  from  P&eudopeziza  by  the  spores, 
which,  though  at  first  unicellular,  become  two  or  four-celled. 
The  species  are  parasitic  in  the  leaf-tissue  of  higher  plants. 

Fabraea  astrantiae  (Ges.).  The  mycelium  lives  in  the  leaf- 
parenchyma  of  Astrantia  major  and  A.  carniolica,  causing  dead 
spots.     A  form  occurs  on  Sanieula   turopaea. 

F.  ranunculi  (Fries.)  (Britain).  The  apothecia  of  this  are 
very  common  on  brown  spots  on  the  leaves  of  various  species 
of  Baniinculiis. 

P.  cerastiorum  (Wallr.)  frequents  leaves  of  Cercutium  (Britain). 
P.   Rousseauana  (Sacc.  et  Bomm.)  occurs  on  leaves  of  Caitha  palaitrii. 
(A  British  species  if  synonymous  with  PKvdopeiita  calthae  Mass.). 

BolonieUa. 

The   gregarious   apothecia   are   at   first   embedded,   but   break 

out  later.     Externally  the  apothecial  discs  are  rough,  dark  brown, 

1  Mykol.  Btitr.    ftltrut.Akad.,  1894. 
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and  striped,  the  margin  being  fibrous.  The  asci  contain  four 
to  eight  spores.  The  spores  are  generally  ovoid  or  spindle- 
shaped,  at  first  unicellular,  but  divided  later  into  two  to  four 
cells  by  means  of  cross  walls.  The  colourless  paraphyses 
have  thickened  club-like  apices. 

Belionella  Dehnii  (Rabh.).1  This  parasite  covers  stems 
and  leaves  of  Potmtilla  norvegica,  and  is  distinguished  by  its 
sharp,  spindle-shaped,  bicellular  spores. 

HELOTIEAB. 

The  apothecia  are  generally  quite  superficial ;  leas  commonly 
they  are  at  first  embedded,  and  emerge  later;  or  they  may 
develop  from  a  sclerotium.  In  form  they  are  spherical,  cup- 
shaped,  or  top-shaped,  and  a  stalk  of  some  kind  is  generally 
present.  On  opening,  they  form  a  cup  or  flat  plate,  on  which 
the  hymenium  lies  exposed ;  the  cup  is  soft  or  waxy,  and 
enclosed  in  a  delicate  wall,  which  is  externally  either  smooth 
or  hairy.  The  sporocarps  consist  of  a  pseudoprosenchyma 
(after  Eehm). 

Sclerotinia, 

The  sclerotia  2  give  rise  to  smooth-stalked  ascocarps  with  the 
form  of  beakers,  funnels,  or  saucers.  The  stalks  often  produce 
rhizoids.  The  asci  contain  eight  unicellular  hyaline  spores, 
elliptical  or  spindle-shaped,  and  of  equal  or  unequal  sizes. 
The  paraphyses  are  thread-like.  In  several  families  conidia  are 
formed  before  the  sclerotia.  Some  forms  are  heteroecious.  Most 
of  the  species  are  parasitic  on  plants. 

The  Sclerotium  disease*  of  the  Vacrinieae.* 
These    are    a    well-known  group   of  sclerotium  diseases,  and 

amongst  them  the  following  have  been   named  as   species. 
Sclerotinia     vaccinii     Wor.     (Scl.     Urnula    Weinm.).      The 

sclerotium   disease   of  the   cowberry.     The   young  shoots   and 

'Figures  in  Hedmigia,  1881. 

5  Literature :  lie  Bary,  "  Uebereiiiige  Sclerotien  u.  Sclerotienkrankheiten," 
Botan.  ZeU-ung,  1888;  alio  Morphology  and  Biology  of  the  Fungi,  English  edition. 

Brefeld,   SehimmtlpHiz,   Heft.    iv.   u.   x.,   and    Solan.    Ztitung,    1876. 

S&ccardo,  Sytloge,  VoL  vm. 

1Woronin, Uim.de I'academ.  impir.  d.  id.  d.  St.  PtUmburg,  vii.  Ser.,  t.  36,  1888 
(with  ten  plates)  ;  alao  Strickle  d.  dtufsch.  botan.  Oti.,  1894. 
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leaves  of  Vaccinium  Vitis-Idaea  exhibit  in  spring  a  mould- 
like  coating,  consisting  of  chains  of  lemon-shaped  conidia. 

Woronin  thus  describes  it :  "  In  the  outer  layers  of  the  cortex, 
amongst  the  dying  elements,  a  pseudoparenchymatous  cushion  is 
formed,  from  which  simple  or  dichotomously  branched  hyphae 
grow  out  through  the  overlying  cuticle.  The  individual  members 
of  the  chains  of  conidia  are  separated  from  one  another  by  a 
spindle-shaped  piece  of  cellulose — 'the  disjunotor.' " 

The  disjunotor  spoken  of  here  is  a  spindle-shaped  cellulose 
body  found  between  the  single  conidia ;  it  easily  breaks  across 
and  so   facilitates  the    breaking    up    of   the    chains    of   conidia 


In  [nib  condition  and  In  tbe  following  i 
A,  Chain  of  conidia  united  bydlejunctom. 
ment  with  Iodine  ;  the  plumji  hu  ihrul 
■pmidhlnpMMMof  injunction.    (Altar  V 


.    Mummified  Con  oeirlei 
velopmont  of  f  uiga-cilpfl. 


connected  with  t 


(Fig.  135).  It  has  its  origin  as  follows:  The  conidia  at  first  lie 
closely  end  to  end,  enclosed  in  a  delicate  primary  membrane ; 
the  partition-membranes  split  into  two  lamellae,  each  of  which 
takes  part  in  the  formation  of  a  cellulose  body  which  gradually 
becomes  spindle-shaped.  In  the  course  of  its  growth  this  cellulose 
body — the  disjunctor — ruptures  the  primary  enclosing  membrane, 
and,  being  released,  becomes  more  elongated,  so  that  the  conidia 
are  pushed  away  from  each  other  and  fall  apart. 

The  conidia  have  a  strong  characteristic  odour  of  almonds, 
attractive  to  insects,  which  carry  off  the  conidia  and  dust  them  on 
the  stigmata  of  other  Vaccinium  flowers.  Wind  is  also,  in  all 
probability,  an  agent  in  the  distribution  of  the  conidia.     The 
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conidia  germinate  and  give  off  long  septate  hyphae  which,  follow- 
ing the  course  of  the  pollen-tube,  reach  the  ovary,  and  Boon 
fill  all  four  loculi  with  a  white  mycelium.  The  growth  of  this 
mycelium  proceeds  from  the  central  axis  towards  the  walls,  and 
forma  a  hollow  sphere  open  above  and  below.  The  diseased 
berries  cannot  be  distinguished  till  ripe ;  then,  whereas  the 
normal  are  red,  the  diseased  are  yellowish-brown  to  chestnut- 
coloured,  and  soon  shrink  up,  leaving  only  the  outline  of  the 
sclerotium. 

The  dead  or  mummified  berries  fall  prematurely,  and  lie  over 
winter  on  the  earth.     In   April  or  May,  the  sclerotia  give  rise 
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to  several  primordia  or  horn-like  stalks,  on  the  extremity  of 
which  an  apothecium  is  afterwards  formed.  Khizoids  are  pro- 
duced at  the  base  of  the  stalk  and  attaching  themselves  to  the 
ground  act  as  supports  and  organs  of  nutrition.  The  apothecia 
contain  both  asci  and  paraphyses ;  the  latter  are  septate,  dichotc- 
mously  branched  filaments,  with  club-shaped  ends,  and  coated 
with  a  brown  resinous  substance.  The  asci  have  a  canal  at 
one  end  through  which  are  ejaculated  eight  spores  of  almost 
equal  size.  These  produce  sporidia  in  water ;  in  nutritive 
solutions,  however,  they  form  a  septate  mycelium  with  conidia. 
The  ascospores  bring  about  infection  by  means  of  one  or  two 
germ-tubes    which    penetrate    the    outer    membranes    of    young 
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cowberry  shoots,  the   stomata    being    always    avoided.     In  less 
than   three  weeks  conidia  are  produced. 

The  mode  in  which  the  germ-tubes  attack  the  host-plant  is 
very  remarkable.  Woronin  says :  "  The  germ-tubes  developed 
from  the  ascospores  grow  inwards  towards  the  vascular  bundles 
of  the  host-plant  and  enter  them ;  then  they  continue  to 
develop,  but  now  in  the  opposite  direction  from  the  interior  of 
the  plant  towards  the  periphery.  Here  a  peculiar  phenomenon  is 
exhibited,  the  fungus  exerts  its  injurious  effects  on  the  surrounding 
tissues    of   the  host-plant,  then,  having  killed  these,  it  utilizes 
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them  as  food-material."  "Finally,  the  germ-tubes  penetrate 
between  the  elements  of  the  outer  rind  already  killed,  and  there 
develop  to  a  stroma-like  oushion  of  large-celled  pseudo- 
parenchyma  from  which  the  chains  of  conidia  emerge  through 
the  ruptured  cuticle," 

(Saccartlo  also  mentions  ScL  ortophila  Sacc.  on  leaves  of  Vaceinium 
Vitit-Idaea.) 

Sclerotinia  oxycocci  Wor.  The  sclerotium  disease  of  the 
true  cranberry  ( Vaceinium,  Oxycoccua).  The  Bpores  of  this  species 
are  smaller  than  those  of  the  preceding;  each  ascus  contains  four 
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larger  and  four  smaller  Bpores,  the  latter  appearing  to  be  rudi- 
mentary and  incapable  of  germination. 

Scl  baccarum  Schroet1  (Britain).1  The  sclerotium  disease  of 
the  bilberry  ( Voce.  MyrtUlus).  This  varies  from  the  other  species 
in  having  round  conidia  incapable  of  germinating  in  water,  in 
having  more  robust  apothecial  beakers,  and  in  lacking  rhizoids. 
The  spores  are  similar  in  number  and  arrangement  to  the 
preceding  species. 

Scl.  megalospora  Wor.  The  sclerotium  disease  of  the  crow- 
berry  (Empetrum  nigrum).     This  species  is  distinguished  by  the 


1  nporidia.     (After  W< 


form  of  its  conidia,  and  the  manner  of  their  germination ;  in  the 
form  of  the  sclerotium,  and  the  absence  of  primordia ;  in  the 
absence  of  rhizoids ;  and,  particularly,  in  having  large  ascospores 
almost  similar  to  each  other. 

The  "  white  berries  "  of  the  Vaeciniaceae  are  distinct  from  the 
mummified  berries  caused  by  Sderotinia.* 

ScL  aucupariae  Ludw.  The  mummified  fruits  of  Pyras 
AucHparia,  resulting   from  this   fungus,  were  first   observed    by 

■Sohroeter,  Htdmifiia,  1879;Woronin  (lor.  eit.). 

^Sclerotia  of  thin  species  have  been  found  in  Scotland  by  Professor  TrailL 
'Magnus  and  Ascheraon,  Btrichte   d.   dtutich.  bofan.  Oes.,   1889;  also   Zool.- 
botan.   Ota.,    Vienna,    1861. 
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Woronin1  in  Finland,  and  later  by  Ludwig  in  the  Erz  mountains. 
The  ascocarp  developed  from  the  sclerotia  has  no  rhizoids.  The 
ascospores  infect  leaves,  and  there  the  conidia  are  produced. 

ScL  padi  Wor.  Causes  mummification  of  the  fruits  of 
Prunvs  Padiis.  Woronin  regards  Mimilia  Linhartiana.  Sacc.  as 
belonging  to  this  Sclerotinia. 

Woronin  also  considers  the  conidial  form  Monilia  ciiterea 
as  related  to  the  mummified  fruits  of  cherry. 

Ovularia  netan*  on  Metpilut  is  probably  also  a  form  of  some  Sclerotinia. 

A  Sclerotinia  occurring  on  Cotmicatter  nigra  produces  mummification  of 
the  fruit,  and  forma  conidia  ou  the  surface. 

Monilia  frvctigana  of  the  apple,  pear,  quince,  plum,  peach,  etc,  is  in 
ail  likelihood  a  form  of  some  Sclerotinia,  although  the  ascus-form  is  still 
unknown  (see  also  "  Fungi  imperfecta "). 

Scl  betulae  Wor.  (U.S.  America).  This  sclerotium  of  the 
birch-fruit  was  discovered  by  and  briefly  described  by  Woronin 
in  1 888.  Nawaschin  *  has  recently  re-investigated  it,  and 
named  it  the  "  birch-catkin  disease."  It  is  found  on  the  green 
catkins  in  June.  The  fruits  containing  sclerotia  are  obcordate 
in  shape,  instead  of  the  normal  elliptical  form  with  both  ends 
acute  ;  the  wings  are  similar  to  those  of  healthy  seedB.  The 
sclerotium  is  composed  of  a  very  hard  white  pseudoparenchyma, 
which  passes  in  the  form  of  a  horse-shoe  round  one  side  of  the 
apex  of  the  fruit  (Fig.  139).  The  outer  layer  is  black  and  very 
firm.  Sclerotia  placed  on  moist  sand  produced  ascocarps  at  the 
beginning  of  May.  Development  in  the  open  also  takes  place 
about  this  time.  In  the  birch  forests  near  St  Petersburg  this 
disease  is  common,  and  birch-catkins  containing  sclerotia  may 
be  found  abundantly  amongst  fallen  leaves  about  the  month  of 
May.  From  each  sclerotium  there  are  produced  one  or  two 
ascocarps,  with  rhizoids  and  stalks  of  a  length  varying  with 
the  depth  of  dead  leaves  on  the  ground.  The  apothecia 
are  at  first  funnel-shaped,  but  later  became  saucer-shaped 
and  l-4mm.  broad,  with  a  golden  or  fleshy  colour.  The  aaci 
contain  eight  spores  which  are  forcibly  ejaculated,  and  if  a 
handful  of  damp  birch  leaf-mould  is  thrown  up  into  the  air 

'Woronin,  Beriehte  d.  dtutKh.  hotan.  Get.,  1881;  also  Mtm.  de  I'acad.  imp. 
d.  »ci.  de  St.  Peter&urg,  1895.     With  five  plates. 

'Nawaschin,  Sclerotinia  betulae,  Wor.  Russian  brochure  with  four  coloured 
plates,   1H93. 
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a  cloud  of  spores  so  ejected  may  easily  be  seen.  Infection 
takes  place  on  the  birch  flowers.  It  is  possible  to  promote 
germination  in  water  and  on  moistened  leaves,  but  the  germ- 
tubes  soon  die. 

This  disease,  on  account  of  the  small  size  of  the  birch  fruit 
and  the  tiny  sclerotia,  remained  for  a  long  time  quite  un- 
observed, yet  it  seems  to  be  common  everywhere ;  in  Russia  it 
has  been  found  frequently,  also  in  Germany,  North  America, 
and  Japan.  It  possesses  considerable  economic  importance, 
3ince  diseased  seeds  are  no  longer   capable  of  germination. 


£0d,  with  Mmlluniir  cchrotin.     (After 


Hormoviyia  betulae  Wtz.  often  occurs  along  with  the  above. 
It  causes  the  production  of  thick  spherical  fruits  with  little  or 
no  wing.  Sclerotinia  eulusta  Karst.  has  also  been  found  on 
birch  leaves  in  Finland. 

ScL  alni  Naw.  Woronin  found  this  first  on  catkins  of 
Alnus   incana.     Nawaschin   has   more   recently   investigated  it.1 

ScL  rhcdodendri  Fischer.2  This  was  first  discovered  by 
Fischer  in  1891  in  fruits  of  the  Alpine-rose  (Rhododendron 
/emiginewm  and  It.  hirmtwm)  in  Switzerland.  It  has  since 
been   observed  in  various   parts  of  Switzerland   and   the  Tyrol. 

'Nawaschin,  Berichte  d.  deittach.  baton.  Ots.,  1894;  Maul,  Htdirigia,  1894, 
p.  213.     With  two  plates. 

5  E.  Fischer,  Naturfortrh.  Get.  Bern,  1891  ;  also  Beriehte  d.  schicetz.  baton.  Get.. 
1894.     With  figures. 
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Fischer  succeeded  in  obtaining  stalked  ascocarps  from  sclerotia 
of  one  and  two  years  old.  They  resembled  most  closely  those 
of  Scl.  vaceinii,  their  stalk  being  provided  with  numerous  rhiz- 
oids.  The  asci  contain  eight  similar  spores  which  germinate 
directly  on  ejaculation.  They  develop  a  mycelium  and,  later, 
chains  of  chlamydospores  which  separate  by  means  of  disjunctors. 
The  little  conidia  found  by  Woronin  on  Vacciniim  are  never 
produced.  The  paraphyses  are  generally  unbranched  and  corre- 
spond in  length  to  the  asci. 

The  mummified  fruits  are  easiest  found  after  the  healthy 
capsules  have  dehisced,  then  the  diseased  ones  remain  closed. 
In  winter  the  healthy  capsules  remain  attached  to  the  plant, 
the  diseased  fall  off.  Seeds  of  diseased  capsules  are  completely 
overgrown  by  hyphae. 

Wahrlich1  found  sclerotia  in  capsules  of  Shod,  dahuriciim, 
from  Siberia.  They  gave  off  a  sclerotia!  ascocarp  with  a  stalk 
devoid  of  rhizoids.  The  mummified  fruits  resemble  closely  those 
of  Scl.  rkododendri. 

Scl.  heteroica  Wor.  et  Naw.  =  ScL  ledi  Naw.!  occurs  on 
Ledum  palustre  in  Russia  and  Finland.  It  is  very  similar  to 
Set.  rkododendri,  but  is  distinguished  by  the  paraphyses  being 
swollen  and  frequently  forked  at  the  end.  In  nutritive  gelatine 
a  copious  mycelium  is  developed,  and  produces  chains  of  ripe 
conidia  with  tiny  disjunctors.  Woronin  found  that  these  conidia 
are  produced  only  on  Vaccinium,  itliginmtm,  never  on  Ledum ; 
but  the  conidia  so  formed  can  successfully  infect  the  ovary  of 
Ledum.  We  have  here  the  first  known  case  of  heteroecism 
outside  the  Uredineae. 

BcL  aclerotiorom  Lib.8  (Britain  and  U.S.  America).  The 
sclerotia  of  this  fungus  are  found  in  many  various  plants. 
They  fall  to  the  ground  with  the  dead  plants,  hibernate  under 
snow,  and  on  the  arrival  of  warmer  weather  in  spring  give 
rise  to  several  stalked  apothecia.  The  ascospores  are  ejaculated 
from  the  asci,  germinate,  and  produce  a  parasitic  mycelium, 
described  thus  by  De  Bary :  "  The  ripe  spores  of  Peziza 
gclerotiorum    produce     germ-tubes     on     any    moist    substratum. 

1  Berichte  d.  d'uttrh.  botan.  Go.,  1892. 
■NswMohin,  Berichte  d.  dtutock.  botan.  Of*.,  18W,  p.  117. 
'  Brefeld,  Srliimmdpilzt,  iv.  and  x. ;  De  Bary,  Morphology  and  Biology  of  Iht 
Fungi ;  Mid  Botan.  Zr.ilung,  ISSfi. 
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These  develop  to  strong  mycelial  threads  if  they  reach  any 
source  of  nutriment,  such  as  disorganized  bodies  and  particularly 
dead  plants.  On  any  other  substratum  the  germ-tubes  never 
pass  beyond  a  rudimentary  stage.  The  germ-tubes  developed 
in  water  cannot  make  their  way  into  living  plants.  If,  however, 
grown  in  suitable  nutriment,  the  mycelial  threads  are  smaller 
and  capable  of  penetrating  as  parasites  into  suitable  hosts.  This 
they  are  able  to  do  because  they  give  off  a  fluid  which  enters 
into  and  kills  living  plants.  The  dead  parts  of  the  plants 
serve  as  nutriment  to  the  fungus,  which  makes  its  way  into 
the  tissues  and  causes  death  of  cells  in  direct  contact  or  im- 
mediate neighbourhood.  The  deadly  fluid  separated  by  the 
fungus  contains,  as  an  essential  constituent,  an  enzyme  soluble 
in  acid  solutions  and  capable  of  dissolving  the  cell-walls ;  also 
a  number  of  imperfectly  known  organic  and  inorganic  acids 
and  salts,  amongst  which  oxalates  can  certainly  be  proved. 
The  mycelium  generally  penetrates  parts  covered  only  by  cuticle 
or  a  thin  periderm.  It  does  so  by  hyphal  branches  which  grow 
into  the  air  till  they  reach  some  suitable  host ;  then,  stimulated 
by  the  pressure,  they  give  off  characteristic  organs  of  attachment, 
which  secrete  a  cell-killing  fluid  and  cause  disorganization  of 
the  place  attacked ;  they  derive  nourishment  from  the  products, 
and  give  off  branches  which  penetrate  into  the  plant." 

Conidia  capable  of  germination  are  never  produced,  though 
rarely  tiny  spermatia  or  conidia  incapable  of  germination  are 
abjointed  from  the  mycelium. 

A  Botrytis-atage  is  certainly  never  present  in  the  life  of 
this  species. 

Scl,  sclerotiorum  is  one  of  the  worst  enemies  of  cultivated  plants. 
De  Bary  observed  total  or  partial  death  resulting  from  it  to 
the  following  plants  :  Plioseolus  vulgaris,  Petunia  nyctaginiflora 
and  P.  violaccae,  Solanum  tuberosum,  Zinnia  eUgans,  Heliantkus 
tuberosus,  and  Daunts  Carota.  It  has  also  been  found  on  species 
of  Brassica,  Beta,  Cichorium,  Dahlia,  Topinambur,  etc.,  and  on 
seedlings  of  numerous  other  dicotyledons.  It  is  thus  evident 
that  many  and  varied  plants,  belonging  to  widely  removed 
families,  may  serve  as  hosts ;  on  the  other  hand  the  fungus 
avoids  certain  plants,  and  is  known  to  injure  species  in  one 
locality,  which  it  avoids  in  another. 

De   Bary  regards  a  destructive  canker   on   hemp  in    Russia 
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(Peaxa  Kauffmaniana  Tichom.)1  as  related  to,  or  identical  with 
jSW.  sderotiorum.  Behrena,  however,  ie  inclined  to  ascribe  it 
to  Scl.  Fuckelicma,  which  has  occasionally  a  Botry tig- stage.  This 
hemp  disease  has  also  been  found  in  Alsace.1 

Humphrey s  regards  this  species  as  the  cause  of  a  disease 
of  indoor   cucumbers ;    he  ascribes   a   Botrytis-st&ge   to  it. 

Scl.  sderotiorum  is  best  known  by  the  conical  funnel-shaped 
depression  in  the  hymenial  disc,  not  present  in  other  species. 

Sclerotinia  trifolionun  Eriks4  (U.S.  America).*  Clover 
is  not  attacked  by  the  Sclerotinia  last  considered,  but  falls  an 
easy  prey  to  this  species,  which  again  derives  but  scanty  nourish- 
ment from  such  food  as  fresh  carrots.  Scl.  trifoliorum  is 
observed  wild  only  on  species  of  clover,  and  is  there  fairly 
common ;  many  other  plants,  however,  have  been  artificially 
infected  by  it.  Host-plants  are  attacked  through  their  green 
foliage,  which  very  soon  becomes  brown  and  shrivels  up.  If 
the  atmosphere  be  sufficiently  moist,  the  mycelium  emerges 
on  the  exterior  and  spreads  to  neighbouring  organs  or  plants. 
Sclerotia  are  not  often  formed  superficially  as  with  Scl. 
sderotiorum,  because  the  mycelium  lives  principally  inside 
the  plant  tissues.  This  mycelium  reaembles  that  of  Scl. 
sderotiorum  in  its  peculiar  property,  that  successful  infection 
only  follows  if  the  fungus  has  lived  for  a  time  saprophy tically ; 
on  this  account  direct  infection  by  spores  is  harmless.  In  the 
secretion  of  an  enzyme  and  of  oxalic  acid,  and  in  the  manner 
in  which  it  destroys  the  tissues  of  its  host-plant,  this  species 
behaves  like  Scl.  sderotiorum  just  described.  It  is  distinguished 
by  its  larger  ascospores,  and  the  absence  of  a  central  funnel- 
shaped  depression  in  the  hymeniuni.  Spores  germinated  in  water 
produce  numerous  bodies  (so-called  spermatia)  which  distinguish 
the  species  from  Scl.  Fitekeliana  where  this  does  not  take  place. 

Rostrup*  found  in  Denmark  that  Medicago   hqmlina   suffered 

1  Tichomiroff,  Bull.  hoc.  nal.  ile  Matron,  1868. 

2  "Behrena,  "Ueber  das  Auftreten  d.  Hanfkrebses  im  Elsass."  Zeittchrift  f. 
PJtananbranthtiten,  1891,  p.  208;  "  Trackene  u.  naue  Fimle  d.  Tftbaks,"  idem, 
1893.  p.  82. 

1  Humphrey,  J  grit,  txper.  Motion  Mom.,  1692,  pp.  212-224. 

4  Kllbn,  "  Die  Sklerotienkr&ukheiten  d.  Klees."    Hedtoigia,  1870. 

Behm.,  Entvirhehingigetth.  einet  d.  Kite  lerildrenden  Wm». 
'HtaeelBritirhFimgwi-Jlora,  iv.,  1895).    "There  is  iio  evidence  of  this  species- 
having  occurred  in  Britain." 
'Rostrup,  Tidstkrtflfor  Landotonomie ,  1890. 
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most  from  this  fungus ;  red  clover  was  less  affected,  though 
the  disease  often  had  its  origin  in  that  species ;  while  white 
clover  was  least  often  attacked.  He  recommends  keeping  out 
Medicago  from  clover  mixtures,  and  the  addition  of  a  large 
proportion  of  grass-seeds.  Fields  badly  affected  should  be 
kept  out  of  clover-cultivation  for  several  years.  English  and 
French  white  clovers  he  found  to  be  very  sensitive,  but  distri- 
bution of  the  fungus  did  not  take  place  by  means  of  seed. 

Scl.  tuberoaa  (Hedw.)  (Britain  and  U.S.  America).  This 
on  the  rhizomes  of  Anemone  iwmorom  causes  formation  of 
sclerotia  larger  than  filbert-nuts.  The  ascospores  on  germination 
produce  groups  of  flask-shaped  processes  from  which  are  given 
off  chains  of  spherical  conidia  incapable  of  germination.  Certain 
pycnidia  which  appear  on  the  anemone-plants  or  on  the  sclerotia 
belong  to  a  parasite  {Pycnis  sclerotivora   Brefeld). 

Scl.  bulborum  Wakk.1  (Britain).  Wakker  observed  this  form 
on  hyacinth,  onion,  etc.  It  is  very  similar  to  Scl.  trifolionan, 
but  the  hyacinth -fungus  will  not  infect  clover,  and  vice  versa. 
The  leaves  attacked  become  rotten  and  the  plants  die.2 

Eriksson  describee,  from  Weriuland  (Sweden),  a  destructive  appearance  of 
bulb-rot  due  to  sclerotia,  which  he  attributed  to  Scl.  Fncieliaita  De  Bary. 

ScL  candolleana  Lev.  on  oak-leaves. 

Appendix. 
Sclerotia  of  Unknown  Affinity. 

ScL  oryzae  Catt.  Bice  plants  (flryzti  mtiva)  are  often 
attacked  by  this  Sclerotium,  and  a  disease  called  "  Brusone " 
produced.  The  sclerotia  are  found  during  June  in  the  sheaths 
and  stems.  The  symptoms  are  blackening  at  the  base  of  plants 
and  withering  of  upper  parts. 

Scl.  rhizoides  Auersw.  occurs  on  living  plants  of  Phalaris 
arundinacea,  and  Calamagrostis ;  also  on  dead  leaves  of  Dactylis 
glomerata. 

ScL  rhinantbi  Magn.s  forms  sclerotia  on  the  roots  and  root- 

1  Wakker,    Allgtm.     Vtreenig.    voor  ■BlotmbolUnCvUuT,    1883-B*  ;    also    Botan. 
Ccntralblatt,  xxix.,  1887. 
■6.   Masaee   {Gardener's   Chronicle,    Vol.   xvi.,  1894)   gives    description  and 

"  Vtrhand.  d.  botan.   Vtr.  d.  Pror.  Brtmdtntmrg,  xxxv.   1894. 


d  by  Google 


tf 


SCLBROTIA   OF  UNKNOWN  AFFINITY.  267 

neck  of  living  Bhinantkus  minor;  these  bodies  begin  their 
development  in  the  cambium  and  bark,  which  they  kill ;  after- 
wards the  wood  itself  may  be  attacked. 


Sclerotica  with  Botrytis-conidia.1 

ScL  Fuckeliana  De  Bary.  This  Sclerotinia  is  distinguished 
from  all  preceding  oues  by  its  passing  through  a  BotrytiS' 
conidia  stage  (Botrytis  cinerea).  If  conidia  are  sown  out  on 
plum-juice  gelatine,  there  appear  within  fourteen  to  twenty-one 
days  round  groups  of  sclerotia,  which  soon 
give  rise  to  conidia.  From  such  artificially- 
reared  sclerotia  I  have  never  succeeded  in 
getting  the  Peziza-fmit,  so  easily  cultivated 
from  sclerotia  gathered  in  the  open- air  (eg. 
from  vine  leaves).8  Thus  the  actual  proof 
that  Scl.  Fuckeliana  and  Botrytis  cinerea  are  FuriMta^~K^ma 
stages  in  the  life  of  the  same  fungus  is  not  S^rotST"  <*^ub«rf 
reached  by  this  experiment.3  The  two  forms  deL) 
are,  however,  very  frequently  met  together. 

The  sclerotia  of  Scl.  Fuckeliana  are  produced  in  the  mesophyll 
of  the  leaves,  also  in  the  parenchyma  and  epidermis  of  the 
host-plants,  but  never  in  the  wood.  Peztza-traita  with  flat 
apothecia  are  produced  from  them.  Sclerotia  are  found  in  vine 
leaves  and  over-ripe  grapes  (Fig.  140),  especially  of  the  Riesling, 
OrleanB,  and  Sylvaner  varieties.*  Other  plants  and  fruits  may 
also  be  attacked.  Diseased  parts  become  brown  from  the 
effects  of  the  parasitic  mycelium,  and  die  oil".  The  mycelium 
can  only  live  parasitic  after  it  has  been  strengthened  by  a  pre- 
vious saprophytic  existence.  Ascospores  are  thus  unable  to 
effect  direct  infection.  The  Botrytw-coniditi  seem,  however, 
capable  of  directly  infecting  a  host-plant,  at  least  I  have  always 
succeeded  in  infecting  Conifers  successfully  with  the  conidial 
form  Botrytis  Bouglasii. 

'See  olio  Botrytii  amongst  the  "Fungi  imperfect]." 

'BrefeW,  Heft  iv. ,  p.  129,  and  x.,  p.  315;  Tubenf,  Btitriige  z.  Kenalmm  d. 
Baumkrankheitin,  1888. 

'Zopf,  (Die  JVm,  p.  742)  states  that  Pea'io-fruiti  may  be  reared  from  these 
sclerotia  after  they  have  rested  a  year. 

* Mnller-Thnrgan,  "Die  Edelfaule  <l.  Trauben."  Lamlwirth.  Jahrbvch,  1888 
(Ref.  in  Botan.  Ctjtfralblatt,  xxxv.,  1888,  p.  94). 


digitized  byGOOglC 


268  ASCOMYCKTEa 

Epidemics  of  great  magnitude  have  been  ascribed  to  attacks 
by  the  Botrytis-torms  of  this  Sclerotinia.  Thus  on  lilies  in 
England,1  on  yellow  gentian,*  on  male  flowers  of  Conifers,  and 
on  the  twigs  of  Conifers  and  other  plants.  This  is  especially 
the  case  in  houses  under  glass,  where  the  fungus,  favoured  by 
the  moist  atmosphere,  lives  as  a  saprophyte  on  dead  plant-remains, 
and  multiplies  till  it  becomes  strong  enough  to  act  as  a 
parasite.  It  is,  however,  quite  possible  that  conidial  forms  of 
other  sclerotia  (e.g.  Set.  sckrotiorum)  may  be  confounded  with 
this  Bpecies. 


The  presence  of  Botrytis  and  allied  forms  on  the  vine  is  the 
cause  of  a  disease  of  great  economic  importance,  because  severe 
loss  may  be  incurred  through  rotting  of  the  grapes  and  the 
injurious  after-effects  on  the  "most." 

A  decay  of  the  potato-plant  is  said  to  be  caused  by  sclerotia 
formed  inside  the  stems,  and  also  by  a  Botrytis?  Smith*  has 
figured  similar  sclerotia,  which  he  ascribes  to  Peziza  postwma 
Berk,  and  Wil. 

»H.  M.  Ward,  Annals  of  Botauy,  1888. 
1  Kisaling,  Hedwiyia,  18S9. 

1  Rttzema-Bos.,  Zeittch.  f.  PJIanit-nkranklieiteii,  1894;  Ol  Kirch  ner,  Wurtemburg. 
Wochtnblattf.  Landimrth.,  1893. 
*  Worth  in  gton  G.  Smith,  Disease*  of  Field  and  Garden  Crops.     London,  1884. 
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Sclerotia,  along  with   Botrytis-conidia.,   have  been   found    fre- 
quently on  diseased  geraniums. 

During  the  summer  of  1894  a  withering  of  twigs  of  Pruntts 
triloba   occurred  in   several  gardens  at  Munich  (Fig.   141).     A 
mycelium    was    found    in    the  bark,    leaf-petioles,    and    young 
ovaries,  while  Botrytis-conidm  were 
developed     on     the     dead     parts. 
With   these  I  successfully  infected 
young  needles  and  twigs  of  spruce. 
Sclerotia  were  also  formed  on  plum- 
gelatine    in    fourteen    days.       The 
parasite  in  this  case  had  killed  old 
twigs  of  Pruwus,  and  also  infected 
twigs  of  Conifers. 

Botrytis  Doaglasii  is  a  parasite 
which  I  studied  some  time  ago  on 
account  of  its  presence  along  with 
a  disease  on  the  Douglas  fir  (Pseu- 
dotsuga  Douglasii).1  1  have  since 
had  reason  to  believe  that  it  is 
allied  to  some  form  of  sclerotium 
like  that  just  considered,  and  my 
view  is  supported  by  Behrens.8 
The  disease  as  seen  in  various 
parts  of  Germany  is  characterized 
by  withering,  eurling-up,  and  death 
of  young  shoots  towards  the  sum- 
mits of  young  seedlings,  and  on  the 
lower  twigs  of  older  trees  up  to 
about  five  feet  above  the  ground. 
In   autumn,   black    sclerotia   about 

the  size  of  pin  heads,  break  through  d^Sm1^*^  ,&£"&£  2a 
the  epidermis  under  the  old  bud-  gSU'JJS.)*"*  'hoot  m  dwL 
scales,  at  the  base  of  dead  shoots, 

and  on  the  needles.  In  addition  to  these,  smaller  masses  of 
tangled  hyphae  are  also  formed.  When  sclerotia  are  placed 
in  a  moist  chamber,  tufts  of  erect  conidiophores  arise,  and 
branch,  forming  numerous  whorls  of  conidiophores,  from  which 

1  v.  Tubeuf,  Btitriigt  z.  Kainlnim  d.  BavmtrankheiUn,  Berlin,  1888. 
IBehrena,  Ztttnh.  f.  Pfianztnbrmklieittn,  1695. 
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oval  hyaline  conidia  are  abjointed.  These  germinate  at 
once  in  water,  and  infect  young  developing  shoots  or  needles 
of  Douglas  fir,  silver  fir,  spruce,  and  larch.  Death  of  these 
ensues  in  a  few  days,  and  finally  the  whole  plant  is  killed. 
On  the  dead  needles  a  copious  development  of  Botrytis  takes 
place,  and  the  conidia  being  easily  detached,  spread  the 
disease  in  damp  localities.  The  mycelium  and  conidiophores 
are  very  sensitive  to  drought.  The  sclerotia  serve  to  carry 
the  fungus  over  winter,  and  may  be  found  in  autumn  and 
winter. 

I  have  found  Juniperia  communis  with  its  young  shoots  dead, 
and  sclerotia  similar  to  the  above  on  the  i 


Whether  Sderotinia  Kerneri  Wettst.  found  on  needles  of  Abiet pectinata 
is  parasitic  or  not,  I  do  not  know. 

Scl.  galanthi  Ludw. '  Lud  wig  observed  this  disease  on 
snowdrops.  In  place  of  the  flower  a  shapeless  maas  was  pro- 
duced, completely  covered  with  conidiophores  of  Boti-ytw.  The 
sclerotia  develop  inside  the  tuber. 

ScL  pseudotuberosa  (Rehm).  {Scl.  Batsehiana  Zopf  or  Cihoria 
psevdotuberosa  Kehni)  (Britain).  The  cotyledons  of  acorns  are 
sometimes  found  replaced  by  a  firm  sclerotium,  from  which  a 
peziza-fruit  (Ciboria)  is  produced.  Nothing  is  known  in  regard 
to  mode  of  infection  or  the  parasitism  of  this  species. 

EU-PEZIZEAE. 
.    The    apothecia,    at    first    closed,    open    out    to    form    saucer- 
shaped    or    cup-like    discs,    with    a    margin.      The    discs    have 
usually    a    thick    hypothecium;    they    are    fleshy    or   waxy    in 
texture,  and  are  often  brightly  coloured. 

Dasyacypha. 
The  waxy  or  membranous  ascocarps  are  sessile  or  shortly 
stalked,  and  beset  on  the  outer  surface  and  margin  with  hairs 
of  various  colours.  The  asci  dehisce  by  a  round  apical  opening. 
The  spores  are  ellipsoidal  or  spindle-shaped,  unicellular,  and 
hyaline.  The  paraphyses  are  thread-like.  Most  of  the  forms 
are  saprophytic  on  dead  plants ;  the  following  species  alone 
is  known  to  be  parasitic. 

1  Ludwig,  Lehrtmeh  d.  niedtrtn  Kryptogamen. 
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Dasyscypha  (Peziza)  Willkommii,  Hartig.1    The  Larch  Canker 
( Britain  and  U.S.  America).     Everywhere  in  the  mountains,  the 
home  of  the  larch,  one  finds,  on  young  branches  and  old  stems, 
depressed  canker-spots,  on  which  the  aporocarps  of  Dasyscypha 
'  WUIkom,7nii   are   developed.     Young   twigs,  when   attacked,  are 
already   conspicuous   in   July   and    August    by    their    pale    and 
withered     needles,     and     on     them     small 
canker-spots  will  be  found ;   these  rapidly 
enlarge  so  that  on  older  stems  they  may 
reach  very  great  dimensions.     Hartig  easily 
succeeded    in    producing    canker-spots    on 
healthy  trees  by  artificial  infection. 

If  canker-spots  are  examined  soon  after 
the  death  of  the  bark,  the  stiomata  will 
be  found  as  yellowish  -  white  pustules. 
Conidia  are  produced  either  on  the  free 
surface  or  in  the  internal  cavities  of  a 
stroma;  they  are  tiny  unicellular  hyaline 
bodies,  produced  from  little  conidiophores. 
Hartig  never  succeeded  in  getting  these 
spores  to  germinate.  If  the  atmosphere 
be  moist  enougb  the  apotbecia  make  their 
appearance  later  on  the  same  places ;  they 
are  externally  yellow,  and  internally  orange-  fm».  us.  —  D*tf*ri** 
coloured.     The  apothecial  disc  carries  long     two    paraph  r«u    imined 

..  ,  ...  f  j         i-    j    ■      i  ■       from  so  aputhedum.   (After 

thread-like  parapnyses  and  cylindrical  asci  r.  H>rtig.) 
with  rounded  apices  {Fig.  143).  The  asco- 
spores  are  oval,  unicellular,  and  hyaline.  They  germinate  and 
give  off  one  or  two  germ-tubes  which  are  unable  to  penetrate 
the  periderm  of  a  host-plant,  and  only  find  entrance  through 
wounded  placeB.  Wounds  are  very  common  on  larch  as  the 
result  of  hail,  or  injury  to  twigs  by  snow  or  tee,  or  destruction  of 
needles  by  insects.  For  example,  the  Larch-moth  (Coleophora 
laricella)  is  well  known  to  cause  less  damage  on  the  mountains 
than  in  the  lower  regions,  and  in  the  same  degree  Dasyscypha  is 
least  injurious  to  mountain  forests. 

The    mycelium    is    septate   and    much    branched ;  it    spreads 
chiefly  through    the  soft  bast,   especially  in  the  Bieve-tubes  and 
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intercellular  spaces,  but  it  may  also  penetrate  the  wood  as  far 
as  the  pith.  The  fungus  only  spreads  during  autumn  and 
winter,  never  during  summer,  the  vegetative  period  of  the 
larch.  The  attacked  tissues  of  the  bark  turn  brown  and  shrivel 
up,  causing  the  depressed  canker-spots.  Healthy  parte  continue* 
their  growth  normally,  and  are  frequently  cut  off  from  diseased 
areas  by  formation  of  layers  of  secondary  cork ;  this  isolation 
is,  however,  rarely  effective,  since  fresh  invasions  of  mycelium 
from  the  wood  into  the  bast  take  place  annually,  and  thereby 
the  canker-spots  keep  enlarging  for  an  indefinite  time. 

The  fungus  develops  reproductive  organs  only  in  damp  marshy 
situations.  On  this  account  spore- formation  is  less  frequent  on 
mountainous  slopes  than  in  moist  valleys  and  ravines.  The 
larch,  on  its  first  introduction  into  the  low-lying  parts  of  Germany, 
Denmark,  and  England,  was  much  cultivated  as  a  pure  forest  in 
close  damp  localities,  and  with  great  success ;  but  now  this  parasite 
has  followed  its  host  from  the  mountains  and  causes  ever 
increasing  damage. 

As  preventive  measures  may  be  recommended :  larches  in 
low-lying  districts  should  be  grown  in  open,  airy  situations,  and 
never  massed  together  nor  placed  in  the  neighbourhood  of  diseased 
larches. 

Lachnella. 

The  reproductive  organs  are  similar  to  Dasyscypka,  but  the 
apothecia  are  firmer  and  generally  have  no  stalk;  the  spores  as 
a  rule  become  two-celled  at  maturity. 

Lachnella  pini  Brunch.1  occurs  in  Norway  on  twigs  of  Piniu 
sylvestris,  as  a  parasite  which  quickly  kills  young  plants  and  twigs. 
It  is  rare  on  old  plants.  The  apothecia  resemble  those  of  D. 
WUlkommii,  but  are  larger,  externally  brown,  and  covered  with 
brown  hairs  and  scales.  The  disc  is  reddish-yellow  with  a  whitish 
margin.  The  asci  measure  about  100m  by  9/t,  and  contain 
colourless  unicellular  spores  about   20|«  long. 

Bhuina.1 

This    genus  contains  the    single    species    Ehizina    undulata 

1  Bruncliorst,  Noglt  Borate  tkoKsygdomme,  Bergena  Mub.  ,   1892. 

1  Rhizuta  has  &  position  somewhere  between  the  Penzeat  and  the  HdvtlUae. 
Saccardo  places  the  genus  under  Peiizeae,  while  Scbroeter  makes  for  it  the 
special  group  of  Jthi:inarrj,  included  under  hie  fJelocUinei. 
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Fr.  (Rh.  inflata,  Schaeff.).  Root  fungus,  or  Ring-disease.1  This 
fungus  is  found  as  a  saprophyte  on  the  earth,  especially  where 
forest  fires  have  occurred ;  also  as  a  parasite  on  indigenous  and 
exotic  conifers.  As  such  it  has  been  observed  in  nurseries  in 
various  parts  of  Germany,  and  in  woods  of  Pinus  Pinaster  in 
France.  The  fungus  itself  is  known  in  Britain,  though  not  as 
a  parasite. 


Fio.  MS,— Section  of  hj- minium,    a,  Psm- 

"■  ^Pi"jr  lunoin;    up  ivwm  Bunauji    c,  BUUll  phjMa;  b,  ■eCTUtiDg-tutaa i  e.  nfiCl,  Often  with 

sparophoiw.    (After  Hsrtlg.)  elgbtgporeg.    (After  HarUg.) 

The  disease  extends  from  a  centre  and  attacks  one  plant 
after  another,  causing  them  to  lose  their  needles  and  die. 
The  sporophores  are  large  (#  to  2  inches),  chestnut-brown, 
flattened  or  undulating  structures,  which  sit  directly  on  the 
mycelium,  without  a  stalk.  On  the  upper  surface  is  the 
ascogenous  layer  which,  when  moist,  is  peculiarly  sticky  and 
Zcifehrift.,   1892,  p.  591;  Prillieux,   Compt. 
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glutinous ;  it  consists  of  small  eight-spored  asci  over  which 
project  septate  paraphyses,  and  also  non-septate  paraphyse-like 
structures  which  discharge  a  brown  secretion.  The  ascospores  are 
unicellular,  hyaline,  and  canoe-shaped;  on  germination  they  give 
off  a  germ- tube  which  immediately  develops  into  a  septate 
mycelium.  The  mycelium  is  found  in  the  intercellular  spaces 
of  the  rind-parenchyma,  but  in  the  bast  it  grows  both  inside  the 
cells  and  between  them,  so  that  the  sieve-tubes  are  often  completely 


filled  up.  Masses  of  fungoid  pseudoparenchyma  are  frequently 
formed  between  the  dead  and  diseased  tissues.  Strands  of  the 
nature  of  Ehizottonia  emerge  from  the  diseased  roots,  many 
of  them  carrying  thread-like  processes,  at  the  extremity  of 
which  an  oil-drop  is  secreted  and  escapes  on  rupture  of  the  apex. 

According  to  Hartig,  very  tiny  conidia   are  abjointed  from 
the  mycelium. 

De  la  Boulage1  and  Prillieux  have  both  come  to  the  conclusion 
that  "  la  maladie  du  rond  "  of  Finns  sylvestris  and  P.  maritima 
is  the  same  disease  as  the  "  ring-disease  "  caused  by  Rhizina. 
1  Bull,  de  la  toe.  rfes  Agric.  de  France,  1880. 
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Appendix. 
The  HelveUaceae. 
This  family  ia  well  known,  some  as  poisonous,  others  as 
edible  fungi  (morel,  etc.),  and  a  few  are  suspected  of  being  para- 
sites. The  ascogenous  layer  occupies  the  upper  surface  of  the 
sporophores,  which  grow  on  the  earth  and  assume  many  various 
forma  As  a  rule  they  are  erect  and  fleshy,  and  more  or  less 
lobed,  wrinkled,  or  folded. 


USTILAGINEAE. 

The  Ustilagineae  or  Smut-fungi  are  distinguished  by  their 
dark-coloured  or  black  chlamydospores,  which,  on  germination, 
produce  some  form  of  promycelium  capable  of  giving  rise  to 
an  indefinite  number  of  conidia  or  sporidia.1  The  chlamydospores 
themselves  are  produced  in  large  numbers  from  a  mycelium, 
and  serve  as  resting-spores  to  carry  the  fungus  through  the 
winter,  being  often,  in  fact,  the  only  part  which  persists.  An 
endogenous  formation  of  spores  in  sporangia  as  in  the  lower 
fungi,  or  in  asci  as  in  the  Ascomycetes,  does  not  occur  in 
the  Ustilagineae,  Uredineae,  or  Basidiomycetes. 

The  res  ting-spores  of  the  Ustilagineae  contain  only  one 
nucleus,  the  result  of  copulation  of  two  uuclei ;  their  formation 
thus  marks  the  end  of  one  generation,  and  their  germination 
the  beginning  of  a  new.  In  the  case  of  the  Uredineae,  Basidio- 
mycetes, and  Ascomycetes,  the  beginning  of  the  new  generation 
is  indicated  by  the  germination  of  the  teleutospore,  the  formation 
of  basidiospores  on  the  basidium,  and  the  germination  of  the 
ascospore  respectively. 

All  the  Ustilagineae  are  parasitic  on  higher  plants,  the 
mycelium  growing  intercellularly  and  nourished  by  means  of 
haustoria  sunk  into  the  host-cells.  The  mycelium  itself  causes 
neither  disease  nor  deformation  of  plants,  and  it  is  only  when 

1  Brefelrt  regards  the  promycelium  of  the  Ustilagineae  not,  like  De  Barv,  as 
a  mycelial  Btructare,  but  as  a  conidiophare  or  basidial  structure.  In  accordance 
with  this  view  he  has  founded  his  intermediate  group,  the  Hmnibaaidii  corre- 
sponding to  the  Uitilagiueae.  Brefeld  then  subdivides  this  group  into  {a)  Ustila- 
gineae {UttUago,  Spluicelotheca.,  Sckiztmella,  Tolypoaporium),  which  as  a  rule 
have  a  septate  promycelinm  ;  and  (ft)  Tilletieae  {TilMin,  Entyloma,  Mdarwtaenivm , 
Sehrortena,  Therapkorn,  Soroeporium),  with  non-septate  promycelia.  {Sehimmtf- 
pUtt,  Heft  v.,  1883,  and  Heft  XI.,  1805.) 


d  by  Google 


276  USriLAUINEAE, 

the  resting-spores  are  developed  that  deformation  occurs.  These 
spores  arise  by  intercalary  growth  in  the  mycelium,  which  is 
generally  , completely  used  up  in  their  formation;  they  are 
produced  in  large  numbers,  and  scattered  after  decay  of  the 
tissues  enclosing  them. 

As  a  result  of  the  germination  of  the  resting-spores,  there 
is  produced  either  a  mycelium  capable  of  immediate  infection, 
or  a  promycelium  from  which  conidia1  are  abjointed.  In  the 
latter  case,  conidia  are  generally  formed  in  succession,  and 
continue  to  be  given  off  from  the  promycelium  for  a  considerable 
time.  They  either  give  out  a  germ-tube  capable  of  infecting  a 
new  host,  or  give  rise  to  further  conidia.  The  latter  process 
is  most  frequently  observed  in  artificial  nutritive  solutions, 
where  the  conidia  continue  to  sprout  in  a  yeast-like  manner 
till  nourishment  is  exhausted,  when  they  germinate  and  form 
mycelial  filaments.  In  the  host-plant,  chlamydospores  alone 
are  developed,  conidia  exceptionally  (Tttbttreima  and  Sniff- 
loma). 

The  Us  til  ag  meats  are  very  dangerous  and  injurious  enemies 
of  cultivated  plants,  especially  to  the  various  cereal  crops.  The 
species  are  fairly  easy  to  identify,  because  each  is,  as  a  rule, 
confined  to  one  or  a  few  species  of  host.  The  smut-fungi  are 
best  combated  by  sterilizing  the  seed  of  suspected  cereals  in 
a  copper  sulphate  solution  or  in  hot  water  shortly  before 
sowing  out;  (see  General  Part,  chap,  vi.)  In  this  way  any 
adherent  smut-spores  are  killed,  and  where  this  preventive 
measure  is  regularly  carried  out,  disease  is  less  common  and 
its  effects  considerably  minimized. 

The  Ustilagineae  include  the  following  genera:  UdUago, 
Sphacclotheea,  Schizonella,  Tolyposporium,  Tillclia,  Eittyloma, 
Afelanotaenium,  Urocystis,  Tuburcinia,  Daossansia,  Schroeteria, 
Thecaphora,  Sorosporium,   Graphiola,  Sckinzia,   Tvbercularia. 

Uatilago. 

The  vegetative  mycelium  makes  its  way  through  the  tissues 
of  the  host-plant  without  causing  any  deformation.  The  spores 
are  developed  in  certain  parts  of  the  host,  and  form  a  much- 
branched,    compact,    sporogenous     mycelium,    with     membranes 

1 '  Conidia '  =  the  sporiilia  of  De   Bury . 
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which  at  first  swell  up  in  a  gelatinous  manner.  Spores  are 
formed  inside  the  ultimate  ramifications  of  the  mycelium,  and 
as  they  reach  maturity,  the  membrane  loses  its  gelatinous 
character,  the  cells  break  up,  and  the  spores  are  set  free ;  they 
are  dispersed  as  a  dry  dusty  powder  after  rupture  of  the  tissues 


of  the  host  enclosing  them.  The  spores  germinate,  giving  rise 
to  a  promyceliura  (basidium),  which  becomes  divided  up  by 
means  of  cross-septa  into  several  cells,  from  each  of  which 
conidia  are  laterally  abjointed.  These  conidia  sprout  yeast- 
like,  and  give  off  new   conidia,   or   they  produce  a  mycelium ; 
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the   former  is   the   case   when   nutrition   is  abundant,  as  when 
under   artificial    cultivation,    the    letter    under    less    favourable 

nutrition ;    in   very  unsuitable   conditions,   the   constituent  cells 


l«T«.     Tho  holds  nrt  biaet  with  smut- boll*  ol 


of   the    proniycelium    may   each    develop    directly   into    hyphae 
capable  of  infecting  a  new  host. 
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Uatilago  maydis  (D.C.)1  (Britain  and  U.S.  America).4  This 
smut  of  Zta  Mais  produces  large  and  conspicuous  deformations 
on  leaves,  leaf-sheaths,  stems,  roots,  and  all  parts  of  the  male  and 
female  flowers.  These  are  whitish, 
gall-like  swellings  and  blisters, 
containing  a  mass  of  gelatinous 
mycelium,  from  which  spores  are 
produced.  The  swellings  may 
attain  to  the  size  of  a  fist,  or 
even  larger.  The  spores  appear 
at  first  as  dark  olive-green 
masses  seen  through  the  lighter- 
green  outer  tissues  of  the  host- 
plant  When  mature  the  spore 
masses  cause  rupture  of  the 
enclosing  host-tissues,  and  escape 
as  a  dusty  powder.  The  spores 
are  dark-brown  in  colour,  irregu- 
larly spherical  in  shape,  covered 
with  delicate  spines,  and  measure 
9-12*i  in  diameter.  They  re- 
main capable  of  germination  for 
many  years. 

On  being  sown  from  the  host- 
plant  directly  into  water,  very 
few  spores  germinate  at  once, 
yet  if  sown  in  the  following 
spring  they  readily  do  so.  In  a 
nutritive  solution  (e.g.  plum-juice 
gelatine)  an  abundant  germina- 
tion   may    be    obtained   at    any 

..  -     a   *<      ..      •        1,         »        i  Tm.    150.  —  Uttilc-oo    maydu   In   h«d   of 

time.     A  delicate  hyaline  hypha     mum.  <t.  int»nf  phot.) 
is  given  out  first,  and  after  be- 
coming divided  up  by  several  cross-septa,  it  proceeds  to  abjoint 
conidia  from  various  places.     The  conidia  sprout  in  the  gelatine 

1  American  Literature :  U.S.  DepC.  of  Agriculture  Report,  1889,  p.  380,  with 
description  and  recommendations  aa  to  treatment.  Also  Ohio  Agrie.  Ezper.  Stat. 
Bulletin,  Vol.  in.,  p.  271,  1890. 

'The  principal  authorities  for  the  occurrence  of  the  Uatil&gitieae  in  Britain 
and  the  United  States  are  Plowright  {Britiih  UitUagineae,  188H|,  and  Farlow 
and  Seymour  {HoM-iruUx  of  Fungi  of  U.S.  America,  1891).      (Edit.) 
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in  a  yeast-like  manner,  but  on  exhaustion  of  the  nutritive 
materials,  the  primary  conidia,  and  even  the  constituent  cells 
of  the  promyeelium,  give  off  germ-tubes.  Conidia  are  never 
found  on  the  maize-plant  itself,  but  Brefeld's  investigations 
have  demonstrated  their  production  on  dung-cultures,  so  that 
conidia  may  possibly  be  produced  on  manure-heaps  or  manured 
soil,  and  young  plants  be  infected  by  them.  Brefeld  has, 
by   means    of   germinating  conidia,  successfully  infected   maize- 


seedlings  as  well  as  growing  points  and  other  young  parts  of 
older  plants. 

Infection  may  take  place  on  any  immature  part  of  the 
host.  The  mycelium  does  not  grow  through  the  whole  plant, 
but  only  inhabits  a  part  in  the  vicinity  of  the  place  infected. 
The  heads  are  most  frequently  attacked,  with  the  result  that 
the  grain  fails  to  reach  maturity,  or  is  destroyed  during  the 
formation   of  fungus-spores. 

Owing  to  the  danger  of  infection,  grain  mixed  with  smut- 
spores  should  never  be  used  for  sowing ;  nor  can  such  be 
safely  used  for  feeding  cattle  on  account  of  its  injurious  effects 
on  them. 
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Knowles,1  Cugini,a  and  Wakker  *  have  investigated  the " 
anatomical  changes  produced  by  this  fungus.  The  latter 
investigator  found  that  the  xylem -elements  with  unlignified 
walls  remain  incompletely  developed,  and  have  a  peculiarly 
twisted  course ;  that  normal  sieve-tubes  are  absent ;  that  the 
cells  of  parenchyma  undergo  secondary  division,  and  give  rise 
to  a  new  tissue  provided  with  little  fibrovascular  bundles,  and 
rich  in  starch-contents,  in  other  words,  a  nutritive  tissue  to  be 
used  up  in  the  spore-formation  of  the  smut. 

The  disease  may  be  found  wherever  maize  is  cultivated, 
and  often  causes  a  very  serious  diminution  in  the  harvest. 
It  may  be  combated  by  early  removal  and  destruction  of  the 
smut-galls.  As  a  preventive  measure,  the  treatment  of  seed-corn 
with  copper  sulphate  solution  *  is  recommended.  The  avoidance 
of  fresh  manure  is  also  advisable,  since  conidia  capable  of  germi- 
nation may  be  lodged  in  it. 

The  following  are  the  results  of  an  experiment  carried  out 
at  my  instigation  by  Professor  Wollny  in  his  experimental 
plots  at  Munich.  Three  plots  were  selected  distant  from  each 
other  about  70  metres.  On  2nd  May,  1893,  these  were  marked 
out  in  rows  40  centimetres  apart,  in  which  maize  was  sown  at 
intervals  of  50  cm.  The  grain  was  previously  mixed  with 
smut-spores  obtained  from  the  Tyrol  in  autumn,  1892.  Plot 
No.  1  was  left  without  manure,  No.  2  was  treated  with  old. 
No.  3  with  fresh  cow-manure.  Maize  had  never  been  grown 
in  the  vicinity,  so  that  no  infection  could  result  from  external 
sources.     The  results  were : 

Smutted. 

Number  of  Plant*.  Abnol.         Per  cent. 

Plot  No.  1,  luunanured,                           Ufl  0                  0 

„        2,  old  cow-manure,                    124  2                1-6 

„        3,  new  cow-manure,-        -        132  II                 7H 

Ustilago  Schweinitzu  TuL  from  Camliua  U.S.A.  is  probably  identical 
with   V*t.  maydis. 

Ust.   Pischeri   Pass.5     This    smut,   observed   in   upper   Italy, 

1  Knowles,  E.  J.,  Aimr.  Journal  of  Mycology,  Vol.  iv.,  1889. 
5  Ougiui,  "II  carbons  delgrano  turco,"ifott.  dell.  Mat.  Agrar.  di  Modena,  1891. 
'Wakker,  Pringiheim'*  JaJtrbwh,  Bd.  2*,  1892. 

'Sea  "General   Part,"  cbap.  vi.,  and  also    "  Vergleichende   Untersuchungen 
lib.  Flugbrudartsn."    P.  Hercberg  in  Zopfs  BettrOgen,  1895. 
■Passerini,  Juki'*  botav.  Jahrbuch,  1889,  p.  123. 
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attacks  the  axis  of  the  maize-heads.  Its  spores  are  spherical 
with  slightly  granular  coats,  and  measure  only  4-6/*  in  diameter. 
It  causes  damage  through  shrivelling  up  of  the  grain. 

Ust.  Eeiliana  Kiihu.  This  smut  frequents  Sorghum  halcpensr 
and  S.  vulgare  (Durra  or  Indian  millet);  also  maize  in  various 
parts  of  Europe  and  America,1  as  well  as  in  Egypt  and  India. 
It  is  called  "  Hainan  "  in  the  Arabic  language. 

Kiihn  *  thus  describes  it :  "  This  species  causes  the  ears  of 
Durra  to  become  large  smut-galls  of  roundish  or  ovoid  shape, 
with  a  height  of  60-95  mm.  and  a  diameter  of  40-60  m.m. 
At  first  the  smut  is  enclosed  in  a  whitish  skin,  which  is  ruptured 
into  shreds  to  allow  the  escape  of  the  black  spore-powder. 
After  the  smut-spores  are  shed,  there  remains  a  stiff  skeleton 
consisting  of  the  fibro  vascular  bundles  of  the  aborted  ear." 

The  spores  are  distinguished  from  those  of  Ust.  magdis  by 
their  greater  size  (9-1  om),  and  their  almost  smooth  membrane 
with  very  small  spines.  According  to  Brefeld,  the  spores  are 
capable  of  germination  in  nutritive  solutions  after  eight  years. 
In  the  fresh  condition  they  germinate  in  water  to  a  limited 
extent,  producing  multicellular  promycelia  which  give  off  conidia. 
In  nutritive  solutions  they  germinate  and  produce  thick  promy- 
celia with  three  or  four  cells,  from  which  multitudes  of  conidia 
(5-12/*  long  and  3-5/*  broad)  are  abjointed.  The  conidia 
fall  off  and  sprout  till  the  nutritive  substratum  is  exhausted, 
when  they  give  rise  to  thread-like  conidia  which  do  not  coalesce. 
If  kept  dry  the  conidia  easily  retain  their  vitality  for  months. 

Kiihn  distinguishes  further  Sorosporiura  Ehrenbergii  Kiihn  on  Sorghum 


Urt,  crnenta  Kiihn.3  Another  parasite  on  the  ears  of 
Sorghum,  It  is  described  by  Kiihn  as  follows :  "  On  the 
spikelets  little  reddish-brown  protuberances  of  roundish  or 
oblong  shape  are  formed  and  enclose  moderately-sized  masses 
of  dark-red  smut-powder.  If  the  pustules  are  very  numerous 
they  coalesce  with  each  other,  and  the  branches  of  the  ear 
become  more  or  less  shortened,  thickened,  and  twisted.     Where 

1  Norton,  "  UstiUgo  Reiliana,"  Botanical  Oazttlt,  1805,  p.  462. 
'Kllfan,  '*  Die  Brand  fonneii  der  Sorghumnrten,"  MUtheil  d.  Vtr.f.  Erdhtnd* 
in  HalU,  1877. 
1  Ktihn  iiof..  eit.\  and  Hamburger  Oarlen-Zeilung,  Bd.  28. 
Brefeld,  Heft  v.,  p.  91. 
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the  pustules  are  fewer  in  number  the  parts  of  the  ear  retain 
their  normal  position,  but  all  the  floral  organs  contained  in 
the    glumes    are    wholly    or    partially   converted    into    irregular 

greyish  smut-masses.  Isolated  pustules  may  occur  under  the 
inflorescence,  on  the  next  internode  of  the  haulm." 


Fid.  153.— UilUago  entente.    Smut  of  Dura  or  Sorghum.    The  head  hu  bean 
divided  up  and  the  Isolated  branches  photographed.    The  ovnriei  are  tnunforraed 

■  tallta.    <<.  Tubanf  'phot,  from  mMerlitl  supplied  by  Prof.  Dr.  Jul.  Knhu.) 

The  spores  are  yellow  to  brown  in  colour,  smooth-walled, 
and  of  very  variable  shape,  5-1  2m  long  and  5-9/*  broad.  As 
a  rule,  germination  in  water  results  in  the  formation  of  a  germ- 
tube  composed  of  four  or  Ave  cells,  which  elongate  to  long 
mycelial  threads  or,  exceptionally,  produce  a  single  conidium. 
As   a   result    of    germination    in    nutritive   solutions,   a    lively 
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formation  of  conidia  ensues ;  the  conidia  multiply  in  a  yeast- 
like manner,  and  only  grow  out  as  hyphae  on  exhaustion  of 
nutritive  material.     Infection  takes  place  on  seedling-plants. 

Kiihn  cultivated  this  species  on  Sorghum  laechtzratvm  and  S.  vulgare, 
aud  suggests  that  a  common  disease  of  Durra  in  South  Africa  may  be 
caused  by  this  parasite. 

Ust.  sorghi  (Link.)  (list.  Tulasnei  Kiihn)  (U.S.  America). 
This  is  another  widely  distributed  parasite  of  Sorghum,  vulgare 
and  8.  saecharalnm.  Its  external  appearance  is  described  by 
Kiihn  somewhat  as  follows :  "  Diseased  plants  attain  to  almost 
their  normal  size,  and  the  flower-head  is  developed  as  far  as 
the  glumes.  The  ovary,  however,  is  completely  metamorphosed 
into  a  sac  filled   with  spores,  its  outer  wall  forming  a  delicate 


f 


Fio.  lM.—BtUaeo  crmnla.     Spikolel 
auluged  from  a  haul  of  Sorpaim.    The 

ovariM  an  tranafonnod  into  long  flaalt-  Fro.  145.— PiliW  «(«M.     Gerrnio- 

■baped  Kua,  Irom   alita  of  which   the  „ting   and   anroutfng   oonidU   from    * 

aporw  ara  amorglng  aa  a  black  powder,  cnltftation  In  plum-gaUUne.    (v.  Tubeuf 

'    J  natural  ilw.    (v.  Tubeuf  daL)  doL) 

whitish  coat,  which  is  easily  torn,  and,  when  the  spores  have 
escaped,  a  columella  will  be  found  to  occupy  the  centre  of  the 
smut-mass.  The  stamens  may  also  become  filled  with  spores, 
and  be  externally  more  or  leas  irrecognizable.  As  a  rule,  all  the 
flowers  of  a  head  are  smutty;  if  any  escape,  they  remain  more 
or  less  rudimentary." 

The  spores,  according  to  Brefeld,  germinate  <mly  in  nutritive 
solutions.  They  produce  a  four-celled  promycelium,  on  which 
few  conidia  are  formed. 

Ust.  sacchari  Babb,  Dust-brand  of  cane  sugar.  This  fungus 
injures  the  stems  and  heads  of  Saeckarum,  officinale,  S.  cylindricum, 
and  >S.  Erianthi  in  Italy,  Africa,  and  Java. 

Ust.  sacchari-ciliaris  Bref.  occurs  on  Saccharum  ciliare  near 
Calcutta. 

Ust.    avenae  (Pera.).     The  emut  or  brand  of  the  oat  occurs 
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very  frequently  on  Avena  saliva,  also  on  Avma  oriaUalis, 
A.  fatua,  and  A.  strigom  in  Europe  and  North  America,  So 
common  ia  it  that  one  seldom  sees  a  field  of  oats  free  from  the 
black  amutted  ears  (Fig.  156). 

All  parte  of  the  flower  are  attacked,  the  ovary,  stamens, 
glumes,  and  even  the  awna.  The  grains  become  filled  with 
the  black   spore-powder,  which    shows   through   the   transparent 


\             v^aK 

k  *"V  *      I 

V 

fy 

membrane  of  the  ovary  wall.  The  diseased  ears  emerge  from 
their  enclosing  leaf-sheaths,  and  become  exposed  to  wind  and 
rain,  under  the  effects  of  which  the  delicate  membrane  soon 
becomes  ruptured  and  the  spores  are  blown  or  washed  away, 
till  only  the  axes  of  the  spikelet  are  left  with  a  few  ragged 
remains  of  the  flower.  As  a  rule  every  shoot  of  a  plant  and 
all  the  grains  of  an  ear  are  attacked ;  if  single  grains  do  escape, 
they  remain  poorly  developed. 

The  spores  (5-8p)  have  a  smooth  or  slightly  granular  coat,  and 
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retain  their  capacity  for  germination  for  years.  In  water  they 
germinate  immediately,  and  produce  a  single  (rarely  two)  promy- 
celium  consisting  of  four  or  five  cells,  from  the  ends  or  partition- 
walls  of  which  oblong  conidia  continue  to  be  abjointed  for  about 
two  days.  The  cells  of  promycelia  may  become  connected  with 
one  another  by  lateral  branchlets.  Delicate  germ-tubes  are 
given  off  by  the  promycelial  cells,  by  the  conidia,  or  by  secondary 
conidia.  In  nutritive  solutions,  on  the  other  hand,  the  spores 
germinate  much  more  vigorously,  the  promycelium  is  stronger, 
the  conidia  are  continuously  abjointed  from  little  sterigmata, 
and  go  on  sprouting  in  a  yeast-like  manner  till,  on  exhaustion  of 
the  nutriment,  they  germinate  to  form  vigorous  mycelial  filaments. 
The  fusion  of  the  cells  of  promycelia  never  takes  place  in  nutritive 
solutions. 

The  infection  of  oat-plants  takes  place  on  the  soil  by  means  of 
the  germ-tubes  produced  from  the  conidia,  promycelia,  or  spores.1 
These  infect  the  first  leaf-sheath — that  one  which  on  germination 
emerges  from  the  ruptured  seed-coats  as  a  whitish  or  yellowish- 
green  shining  shoot,  and  continues  to  grow  as  a  sharp-pointed 
cylinder  till,  pierced  by  the  first  green  leaf,  it  dries  up.  In 
36  to  48  hours  after  infection,  mycelial  threads  were  found 
to  have  pierced  the  epidermal  walls,  and  to  have  branched  freely 
in  the  tissues.  The  mycelium  grows  from  the  leaf-sheath  into 
the  first  green  leaf,  passes  straight  through  it  into  the  second, 
and  so  on  till  it  reaches  the  haulm  or  stem.a  The  young 
mycelium  grows  steadily  onwards,  and  the  plasma  of  older 
hyphae  passes  over  into  it.  In  this  way  the  fungus  keeps 
pace  with  the  host-plant,  exhibiting  externally  no  symptom 
of  its  presence  till  the  flower3  are  reached,  where  the  chlamydo- 
spores  are  formed. 

Sterilization  of  seed-corn  by  Jensen's  hot-water  method  is 
strongly  recommended.3  In  America,  steeps  containing  potassium 
sulphide,  copper  sulphate,  or  lime  are  also  used.  As  preventive 
against  infection,  late  sowing  is  advisable.  This  is  founded  on 
Brefeld's  investigations,  in  which  he  found  that  oat-Bmut  gennin- 

1  Wolf,  Der  Brand  iUi  Getreidet,  1874. 

•  According  to  Kilhn,  and  in  Brefeld's  infections  (Heft  XI.,  1896),  the  majority 
of  the  germinating  conidia  are  said  to  penetrate  into  t)i.e  young  shoot-axis. 

*  "  Treatment  of  Smuts  of  Oats  and  Wheat,"  U.S.  Department  of  Agriculture, 
Farmers'  Bulletin  No.  5,  1892  ;  "  Grain -smuts  and  their  prevention,"  Yearbook 
of  [/.*'.  Dept.  of  Agriculture,  1894. 
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ated  beat  at  10"  C,  and  not  so  well  above  15°  C.  This 
conclusion  is  supported  by  experiments  of  Kellermann  and 
Swingle.     Neither  these  investigators  nor  Jensen,  however,  agree 


ji  (Out  grafts).    The  greln* 
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ii  quite  autwct  irom  Wat  01  ine  no&itny  ono  lo  tha  right,    (v.  Tubouf  phot.) 

with    Brefeld's   view,   that   the  fungus  is  introduced   into  fields 
with  fresh  farmyard  manure. 

Kellermann  aud  Swingle  have  found  a  smut  on  oats  in  America  which 
they  distinguish  as   0*t.  avenae  var.  Uvie. 

Ust.  Kolleri  Wille.  This  is  another  species  of  oat-smut  recently  dis- 
tinguished ;  it  has  smooth  spores,  and  is  said  to  cause  even  greater  damage 
than   Utt.  avenae. 
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Ust.  perennana  Rostr.1  This  smut  or  dust-brand  occurs 
frequently  in  the  flowers  of  Arrkcnatherwn,  elatius  (Fig.  157). 
The  mycelium  perennates  in  the  rhizome. 

An  UstUago  nearly  allied 
to  the  preceding  one  occurs 
also  on  Feduca  pratensis, 
Lolium    perenne,    and     other 


Smut  of  Barley. 
There  are  really  two  species 
of  Ostilago   found   on   barley, 

K'"  mV™-^^™™"«taS"*»nK""'       Ust  hord€i  and  Ust  nuda- 

Uat.  hordei  (Pers.)  {Ust. 
Jmscni  Rostr.)  (Britain  and  U.S.  America).  This  has  black 
spherical  spores  (6*5  to  7'5/i  in  diameter),  which  germinate 
and  give  off  conidia  from  a  promycelium.  The  spikelets  gene- 
rally remain  enclosed  in  their  coverings.  Treatment  of  seed- 
corn  with  a  half  per  cent,  copper  steep  is  a  certain  remedy. 

Ust.  nuda  (Jens.)  (U.S.  America).  In  ears  diseased  by  this 
smut  the  epidermis  of  the  glumes  is  early  lost,  bo  that  the 
spore-powder  lies  freely  exposed  when  the  ears  emerge  from 
the  leaf-sheath.  The  spores  on  germination  give  off  a  four- 
celled  promycelium,  which  however  produces  no  conidia,  but 
develops  directly  to  a  septate  mycelium.  The  spores  are 
smooth-coated  and  oval  (5-7/*  long  and  5-6'5m  broad);  they 
(ire  matured  and  set  free  at  the  flowering  season  of  the  barley, 
and  probably  infect  seedlings  in  spring.  The  spores  of  this 
smut  are  very*  resistant  against  treatment  with  copper  steeps, 
and  it  is  recommended  to  soften  the  barley  for  several  hours 
in  cold   water  before  applying  Jenson's  method. 

Ust.  tritici  (Pers.)  (Britain  and  U.S.  America).  Wheat-brand. 
The  spores  are  developed  in  the  ovary  of  the  wheat,  and  are 
black  with  a  tinge  of  olive-green.  On  germination  they  im- 
mediately form  a  non-septate  mycelium  (Fig.   160). 

Helming*  has  described  spore-cushions  on  the  leaves  and  leaf-sheathe  of 
Tritimm  vulgar*  in   Upper  Egypt. 

Ust.  bnllata   Berk,  on    Triticum  orientate  in   Turkestan. 

1  Roatrup,   Uslilagineae  Daniae,   1890. 
aHenoing,  Zeitiehriftf,  PJUtKxnkraiitheileH,  1894, 
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Urt.  aecolie  Rabenh.  Rye-brand.  This  occurs  but  rarely, 
and  destroys  only  the  grain. 

Urt.  panici-miliacei  (Pers.)  (Ust.  destruens  Duby).  Smut 
of  Millet.     This  smut  occurs  on  the  flowers  of  Panicum  mUia- 


Fin.  ]».— UtlUago 


Tubouf  phot.) 


ceum,  P.  ckartnginiense  and  P.  Crus-yalli  in  Italy,  France, 
Germany,  and  North  America.  Sometimes  it  is  very  abundant 
and  causes  great  damage.  The  mycelium  makes  its  way  into 
young  plants  and  grows  upwards  with  them,  penetrating  every 
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shoot.  Spores  are  developed  only  in  the  inflorescence,  which 
in  consequence  fails  to  reach  its  full  development  as  a  panicle, 
and  remains  more  or  less  spike-like  and  enclosed  in  a  leaf- 
sheath.     The  parts  of  the  inflorescence  become  completely  filled 


Fiu.  ISO.—  Uililago  tritici.  Wheat-mui 
healthy,  the  ethers  »re  nnuttad  aod  n 
<v.  Tubeuf  phot) 


with  a  sporogenous  mycelium  from  which  arise  the  spore-masses ; 
these  are  at  first  enclosed  in  whitish  coverings  consisting  of 
tissues  of  the  host-plant,  but  when  mature  they  escape  as  a  black 

dust  or  powder. 
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The  spores  are  smooth-coated  and  spherical  or  elliptical,  9-1 2  ^ 
long,  and  8-10jti  btoad.  According  to  Brefeld,  they  germinate 
in  two  or  three  days  in  water,  and  produce  promycelia  with  four 
or  five  cells ;  the  cells  may  either  bud  out  directly  and  become 
hyphae,  or  do  so  after  previous  fusion. 

Spores  placed  in  nutritive  solutions  germinate  in  about  three 
days,  and  produce  several  strong  septate  promycelia  with  spindle- 
shaped  conidia.  The  conidia  as  a  rule  germinate  directly  into 
branching  hyphae ;  fusion  of  conidia  is  not  known,  and  secondary 
conidia  axe  only  rarely  formed.  The  hyphae  become  septate 
in  their  older  parts,  and  produce  conidia  in  two  ways,  firstly, 
from  hyphae  in  the  solution  itself;  secondly,  from  aerial  hyphal 
branches  which  rise  out  of  the  solution  and  give  off  conidia 
in  a  manner  similar  to  mould-fungi. 

Brefeld  states  that  infection  takes  place  by  means  of  the 
germinating  conidia.  Only  resting -spores  are  produced  on  the 
plant  itself,  and  these  retain  their  capacity  for  germination 
for  years. 

Ust.  Rabenhorstiana  Kiilm1  (U.S.  America).  This  is  found 
on  Panicum  miliaceum,  P.  glabrum,  P.  lineare,  and  P.  sanguinale. 
It  destroys  flowers,  ears,  and  upper  part  of  haulms.  The  spores 
are  brown  and  spiny ;  they  germinate,  but  do  not  produce 
conidia. 

Ust.  aphaerogena  Burrill.  An  American  species  causing 
distortion  of  the  spikelets  of  Panicum  Crus-galli.  The  malforma- 
tions resemble  those  produced  on  the  same  host  by  Tclypasporinm 
bullatum,  but  differ  in  having  a  rough  surface  with  short  rigid 
hairs.  The  spores  are  free  and  germinate  easily  in  water, 
producing  promycelia  which  give  off  conidia.  The  conidia 
frequently  sprout  for  a  time  in  a  yeast-like  manner, 

The  following  are  American  species  : 

Ust  diplospora  £11  et  Ev.    On  Panicum  tanguinaU. 

Ust.  trichophora  Lk.     On   Panicum  colmum. 

Ust  setariae  Babh.  On  Panicum  tanguinale  ;  probably  identical  with 
Ust.   HabenJiorstiana. 

Uat  panid-leucophui  Bref.     Oa  Panicum  leucophaeum  in  Eio  de  Janeiro. 

Uat.  digitari&e  Kze  occurs  on  the  flowers  of  Panicum 
(Digitaria)  sanguinale,  P.  glabrum,  and  P.  repens.  The  spores 
are  smooth -walled. 

'Klthn,  llmlwvjia,  1876. 
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Ust.  panici-frnmentacei  Bref.1  is  found  on  Panicum  /rumen- 
taceum,  it  cultivated  Himalayan  millet.  Only  isolated  grains 
in  an  ear  are  attacked,  becoming  enlarged  to  twice  their 
normal  size.  Germination  of  spores  takes  place  sparingly  in 
water,  but  abundantly  in  nutritive  solutions.  Two-celled  promy- 
celia  are  produced  bearing  numerous  sprouting  conidia.  On 
exhaustion  of  nutrition,  the  conidia  give  off  one  or  two  filaments 
on  the  surface  of  the  liquid,  and  from  these  other  sprouting 
conidia  arise. 

TJat.  Crameri  Korn.  completely  destroys  the  ovaries  of  Setaria 
i/alica,  S.  viridis,  and  S.  ambigua,  leaving  only  the  outer  wall 
as  an  enclosure  for  the  spore-powder.  The  spores  are  brown, 
smooth -walled,  and  6-9^t  broad,  10-12/*  long.  The  promycelia 
consist  of  fonr  or  five  cells,  which  in  water  as  well  as  nutritive 
solutions  grow  out  into  long  threads  without  producing  conidia. 

Ust  neglecta  Niessl  fills  with  its  black  spore-powder  the 
ovaries  of  Setaria  glauca,  S.  verticillata,  and  S.  nitidis.  The 
cells  of  the  promycelium  develop  into  a  mycelium  without  pro- 
duction of  conidia. 

Ust  Kolaczekii  Kiilm.     Oil  Setaria  geniculata  in  Berlin  Botanic  Garden. 

TJat.  bromivora  Fisch.  (Britain  and  U.S.  America).  This 
appears  in  flowers  of  species  of  Bromus,  so  that  the  ovaries 
become  filled  with  a  dark-brown  or  black  spore-powder,  but 
the  glumes  or  heads  undergo  no  deformation.  The  spores  are 
smooth,  and  on  germination  in  water  produce  only  a  spindle- 
shaped  one-celled  (rarely  two-celled)  promycelium ;  in  nutritive 
solutions,  Brefeld  found  they  generally  produced  two-celled 
promycelia,  bearing  conidia  from  which  are  produced  further 
promycelia  with  conidia ;  yeast-like  colonies  are  never  formed. 

Ust.  ischaemi  Fuck,  attacks  Andropoyon  Ischaemum.  The 
inflorescences  remain  almost  completely  enclosed  in  the  upper- 
most leaf-sheath,  and  are  destroyed  except  their  axes.  The 
spores  are  brown  and  smooth- walled.  Brefeld  states  that  in 
nutritive  solutions  they  produce  conidia  which  remain  adherent 
to  the  promycelium  and  grow  out  into  long  hyphae  without 
coalescing. 

Ust  andropogonis-tuberculati   Bref.   on    Andropogon   tuberculatum   from 

Ust.  andropogonis-anmilati  Bref.  on  Andropogon  annulntum  from  Culcutta. 
'Brefeld,  Sthimme/piiv,  Heft  xii.,  1805. 
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Hat.  grandifl  Fries.  Heed-smut.  (Britain.)  This  frequents  the 
haulms  Of  Phragmitcs  communis  (also  Typhi  lati/olia  and  T, 
minor);  the  internodes  of  the  host  in  consequence  swell  out 
and  appear  as  if  the  stem  carried  one  or  more  bulrush-heads. 
The  mycelium  permeates  the  whole  host-tissue  and  produces 
spores,  which  escape  as  a  black  dust  on  rupture  of  the  epidermis. 
According  to  Kiihn,  the  spores  are  capable  of  immediate  ger- 
mination and  retain  their  vitality  for  a  whole  year.  A 
four-celled  promycelium  is  produced  and  becomes  detached  from 
the  spore ;  then  follows  an  abjunction  of  oblong  conidia  from 
the  septa  of  the  promycelium.  In  nutritive  solutions,  Brefeld 
found  that  germination  took  place  in  the  same  way,  but  more 
rapidly  and  vigorously.  Numerous  conidia  are  produced,  but 
these  only  rarely  give  off  secondary  conidia,  and  then  only  a 
single  one  ;  more  commonly  they  produce  proinyeelia,  as  the 
spores  did,  and  conidia  again  arise  from  these ;  yeast-like 
sprouting  does  not  occur.  The  res  ting-spores  may  continue 
to  give  off  promycelia  in  succession  for  some  time.  On  ex- 
haustion of  nutrition  the  cells  of  the  promycelium,  as  well 
as  the  conidia,  develop  into  mycelial  threads,  to  which  alone 
Brefeld  ascribes  the  capacity  for  infection. 

Ust.  longiasima  (Sow.)  (Britain  and  U.S.  America).  This 
forms  elongated  brown  spore-patches  on  the  leaves  of  various 
species  of  Glyeeria.  Brefeld  states  that  the  smooth  spherical 
spores  germinate  in  water,  and  give  off  a  short  unicellular 
promycelium  which  undergoes  no  further  development.  In 
nutritive  solutions  the  spores  germinate  in  like  manner,  but 
the  promycelium  becomes  thread-like  and  septate,  and  gives 
off  conidia  laterally ;  new  promycelia  continue  to  be  given 
off  from  a  cell  which  remains  behind  inside  the  spore,  and  the 
conidia  ultimately  develop  into  hyphae. 

Ust.  hypodytes  (Schlecht).  This  species  forms  dark  smutty 
coatings  on  haulms  and  leaf-sheaths  of  Glyceria  fiuitans,  Dip- 
lachnu  fusca,  Agropyrum  repcns,  Calamagrostu  epigea,  Psavima 
armaria,  Stipa  pennata  and  S.  capillaris,  Bromits  erectus,  Triticum 
ripens  and  T.  vulgare,  Elymiis  annarius,  Panicum  repens,  Phrar/- 
mites  communis,  Aruiulinaria,  etc.  The  spores  are  brown, 
smooth-walled,  and  irregularly  spherical  or  quadrangular;  they 
germinate  in  water  or  nutritive  solutions,  producing  mycelia 
direct,  without  previous  formation  of  conidia. 
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Ust  gnuuinica  R  et  K  it  reported  on  haulms  of  Aira  and  Olycervt 
in  England. 

Ust  echinata  Schroet.  produces  smut-strips  on  leaves  of  Pkalaris 
urundinar,ea.     (U.S.  Amer.) 

Ust.  cynodontis  Heim.     On  Gynodow  Dactylon  from  Simla. 

Uat.  amndinellae  Bref.     On  Arundinella  near  Calcutta. 

Ust  ariatidae-cyanthae  Bref.     On  Arutida  cyantha  from  Himalaya. 

Uat  coicis  Bref.    On  Coin  laeryma  from  Simla. 

Ust.  esculenta  Henn.1  causes  de formation  of  plants  of  Zizania  latifolia 
iu  Tonquin  and  Japan.  The  deformed  parts  are  eaten,  while  the  spores 
are  used  for  dying  of  hair  and  eye-brows,  as  well  as  in  the  manufacture 
of  a  varnish. 

Ust.  pispalus-dilatati  Helm.     On  Paspalas  dilatatut. 

Uflt.  olivacca  D.  C.  frequents  species  of  Carex.  The  olive- 
brown  spore-masses  hang  loose  and  fleecy  from  the  destroyed 
ovary.  The  spores,  according  to  Brefeld,  are  produced  from 
long  hyphae  which  become  thickened  at  intervals  and  broken 
up  hy  cross- septa  into  portions  corresponding  to  the  future 
spores.  The  hyphae,  however,  are  not  completely  given  up  to 
spore-formation,  but  parts  remain  and  form  fine  filaments  which 
give  the  fleecy  appearance  to  the  ruptured  ovaries.  Germina- 
tion in  water  results  in  the  formation  of  a  single  conidium,  a 
second  being  rarely  formed.  In  nutritive  solutions  similar 
conidia  are  produced  one  after  another  successively,  and  sprout 
off  conidia  in  a  yeast-like  manner  without  the  formation  of  pro  - 
mycelia.     On  failure  of  nutriment,  hyphae  are  finally  produced. 

Uat.  Vuijkii  Oudem.  et  Beyerk.  The  ovaries  of  Zuzula 
campcslris  become  filled  with  spores,  some  colourless,  some 
light-brown.  The  spores  germinate  in  water,  giving  four-celled 
promycelia  with  ovoid  conidia,  which  do  not,  however,  coalesce 
or  develop  further,  even  in  nutritive  solutions. 

Ust  capensis  Rees.     In  fruit  of  Juncn». 
Ust.  luzulae  Sacc.     Iu  fruit  of  Luzula. 

Ust.  scabiosae  (Sow.)2  {Ust.  fiosculorum  Tul.).  (Britain.)  The 
anthers  of  Knautia  and  Scahiosa  attacked  by  this  fungus  become 
filled  with  a  flesh-coloured  to  violet  spore- powder,  and  swell 
to  little  sacs.  The  flowers  otherwise  are  but  little  altered. 
Brefeld  found  that  spores  from  Kimutia  arvensis  germinate 
easily   and   abundantly   in  water,  and  produce   promycelia   con- 

1  P.  Hennings,  Hedtcigia,  1895;  Miyabe,  Tokio  Botanical  Magazine,  1895. 
Fischer  v.   Waldheim,  Bot.  Zeitvng,   1887. 
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a i  sting  of  three  or  four  cells  with  conidia,  and  sometimes 
secondary  conidia.  Coalescence  of  conidia  may  take  place,  and 
thereafter  production  of  little  mycelial  threads.  In  nutritive 
solutions  everything  proceeds  more  luxuriantly,  and  conidia  are 
produced  in  large  numbers;  they  are  easily  detached  and  sprout 
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yeast-like,  till,  on  deficiency  of  nutrition,  fusion  and  subsequent 
germination  takes  place. 

Ust.  intermedia  Schroet.  (Ust.  flomdorum  D.  C.)  (Britain). 
The  anthers  of  Scabiosa  Cotvmbaria  become  filled  with  the  dark 
violet  spores  of  this  smut.  The  spores  germinate  in  water, 
and,  according  to  Brefeld,  produce  three-celled  promycelia  with 
few  conidia ;  some  of  these,  as  well  as  the  cells  of  the  promy- 
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celia,  may  develop  to  mycelia;  coalescence  of  conidia  is  unknown. 
In  nutritive  solutions  conidia  are  formed  in  large  numbers,  and 
multiply  yeast-like  till  nutriment  fails. 

Ust.  sucdaae  Magn.1  frequents  the  anthers  of  Scabiosa  Succisa, 
and  forms  pure  white  spores,  easily  distinguished  from  those 
of  the  two  preceding  species.  The  anthers  appear  to  be  thickly 
covered  with  glassy  granules.  The  spores  produce  four-celled 
promycelia  from  which  conidia  are  formed.     (Britain.) 

Ust.  tragopogonis  (Fers.)  (Britain). 
This  fungus  forms  its  spores  in  flowers 
of  species  of  Tragopogon,  and  in  many 
localities  has  a  wide  distribution. 
The  development  of  the  flower  is 
retarded,  so  that  it  retains  externally 
the  appearance  of  a  flower-bud  en- 
closed in  its  bracts  (Fig.  161).  The 
dark-  brown  or  violet  spores  escape 
through  intervals  between  the  bracts ; 
they  are  13-17/*  long,  10-15/*  broad, 
with  reticulate  markings  on  their 
coats.  They  easily  produce  in  water 
four  or  five-celled  promycelia  from 
which  conidia  are  given  off,  often 
followed  by  coalescence.  In  nutritive 
solutions  development  is  much  more 
vigorous,  secondary  conidia  may  be 
produced,  and  coalescence  always  takes  place. 

Ust.  scorzonerae  (Alb.  et  Schwein.)  is  at  first  sight  very 
similar  to  Ust.  tragopogonis.  Its  spores  are  found  in  flowers 
of  Scorzonera  kwmilis,  Sc.  purpurea,  and  cultivated  species,  e.g. 
Sc  kispanica;  while  its  mycelium  hibernates  in  the  perennial 
root- stocks  of  these.  The  spores  are  produced  rapidly  and 
in  large  numbers ;  they  germinate  easily  in  water,  forming  a 
four-celled  promycelium,  and  thereafter  conidia  which  do  not 
pair. 

Utrt.  cardni  Fisch.  v.  Waldh.  (Britain).  This  is  the  cause 
of  a  stunting  of  the  flower-heads  of  Carduus  acantkoides,  C. 
n/Uans,  and  Silybum  Marianum,  while  at  the  same  time  they 
become  filled  with  a  brownish-violet  spore-powder.      The  spores 

1  Magnus,  Hedtcii/la,  1875. 
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are  about  20m  in  diameter,  and  form  in  water  promycelia  with 
conidia.  In  nutritive  solutions  Brefeld  found  conidia  produced 
in  large  numbers,  and  multiplying  by  yeast-budding.  The 
promycelial  cells  grow  out  as  septate  branched  twigs,  from 
which  conidia  are  abjointed,  and  after  coalescing  in  pairs,  produce 
germ-tubes. 

Ust.  violacea  (Fers.).1  Carnation-smut  (Britain  and  U.S. 
America).  In  Silene,  Viscaria,  Saponaria,  Dtanthus,  Stellaria, 
Malachium,  Cerastium,  and  Lychnis,  the  pollen  sacB  of  other- 
wise well-developed  flowers  become  filled  with  dark-violet 
spores,  which  escape  and  discolour  the  other  floral  parts. 
Pistillate  flowers  of  Lychnis  attacked  by  this  fungus  develop 
stamens  containing  the  smut-spores  (p.  '27).  On  germination 
in  water,  promycelia  of  three  or  four  cells  are  formed,  and 
become  detached  from  the  spores.  Primary  and  even  secondary 
conidia  are  produced,  while  coalescence  of  promycelial  cells  and 
conidia  is  common ;  but  only  a  few  of  them  produce  germ- 
tubes.  In  nutritive  solution,  according  to  Brefeld,  everything 
proceeds  much  more  vigorously;  from  tiny  conidiophores  on  the 
promycelia  numerous  conidia  are  produced  in  succession,  and 
from  these  other  conidia  are  budded  off  like  yeast-cells  till 
nutriment  fails,  when  they  grow  out  to  form  hyphae.  The 
conidia  are  longer  than  those  formed  in  the  water- cultures, 
and  coalesce  in  pairs  to  give  rise  to  longer  and  stronger 
germ-tubes. 

Ust.  holoitei  De  Bary  o»  Jfoloitetim  umbellatum.  The  host-ovaries 
become  filled  with  a  pored  which  germinate  to  four-celled  promycelia  from 
which  pairing  sporidia  are  formed. 

Ust  Duriaeana  Tul.     In  the  ovary  of  Cerastium. 

Ust  major  Schroet.  On  Silene  Otitet.  The  spores  germinate  only  in 
nutritive  solutions.     (Britain.) 

Uat  seminum  Juel.  In  the  ovules  of  Arabi*  petraea  in  Scandinavia. 
The  spores  on  germination  produce  simple  hyphae. 

Ust   entorrhiia  Schroet.     In  root-cells  of  Piium  t- 


Ust.  pingnicolae  Kostr.  On  Pinguicula  vulgaris  in  Denmark. 
According  to  Brefeld,  the  spores  germinate  equally  in  water  or 
nutritive  solutions,  forming  three-celled  promycelia,  which  separate 
from  the  spore  and  bud  off  conidia  from  each  cell. 

■Toluene,  Ann.  d.  sciencte  nadir.,  Ser.  in.,  Vol.  VII.,  1847. 
Atkinson  (American  Carnation  Society,  1893).  describes  this  and  other  smuts 
frequenting  American  Carnations.     (Edit) 
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Ust.  betonicae  Beck.1  occurs  in  the  anthers  of  Betonim 
Alopeeurus.  Its  spores  are  larger  than  those  of  Ust.  violacm, 
and  have  larger-meshed  reticulations  on  the  spore-coat.  The 
spores  germinate  in  water,  and  as  a  rule  produce  a  three-celled 
promycelium  from  which  conidia  are  abjointed.  These  at  once, 
or  after  production  of  conidia,  coalesce  in  pairs  and  give  off  germ- 
tubes.  In  nutritive  solutions  germination  takes  place  much 
more  vigorously,  numerous  conidia  are  formed  and  continue  to 
bud  off  new  conidia  till  the  nutriment  is  exhausted,  when 
coalescence  of  conidia  and  development  of  hyphae  takes  place. 

Ust.  bistortarum  D.  C.  frequents  leaves  of  Polygonum  and 
Rumex.  (Britain  and  U.S.  America.)  Brefeld  states  that  the 
spores  are  dark-red  and  germinate  to  four-celled  proniycelia, 
from  which  conidia  are  produced  and  readily  coalesce,  especially 
in  presence  of  abundant  nutriment. 

Ust.  marginalia  (Lk.)  on  Polygonum-  Bistorta.  The  spore-masses 
are  dark-violet,  and  occur  chiefly  on  the  margins  of  the  leaves. 
The  spores  germinate  in  water  and  produce  a  four-celled  promy- 
celium with  oval  conidia,  which  do  not  sprout,  but  either  pair 
or  grow  out  as  hyphae. 

Ust  anomala  Kunze.    On  leaves  and  in  ovaries  of  Polygonum  (U.S.  America). 

Ust  utriculos*  (Nees).  In  ovaries  and  anthers  of  Polygonum.  The 
greyish- violet  spores,  Brefeld  says,  germinate  during  the  following  rammer, 
and  give  off  four-celled  proniycelia  with  conidia  which  do  not  coalesce  in 
pairs.    (Britain  and  U.S.  America.) 

Ust.  Parlatorei  Fisch.  On  twiga  and  leaves  of  Humor  moritimvi  and  R. 
oblusi/oliut. 

Ust.  Kuhneana  Wolf.  Inhabits  all  parts  of  llumex  Acetota  and  R.  Aceto- 
tella  (Britain). 

Ust  Goeppertiana  Schroet  On  Rumex  Acetota,  especially  in  leaves  and 
leaf-petioles.  The  spores  germinate  in  water  or  nutritive  solution.  The 
promycelium  is  unicellular  and  remains  inside  the  spore,  giving  off  a  single 
conidiuin,  which  for  a  time  buds  off  other  conidia  ( U*t.  olivacea  alone  behaves 
in  this  same  way). 

Ust  MiSlleri  Bret.     On  Polygonum  hiipidum, 

Ust  Koorderaiana  Bref.     On  Polygonum  barbatam  in  Java. 

Ust  domestica  Bref.      On  ftitmex  dometticut  in  Norway. 

Ust.  vinosa  (Berk.).  On  fruits  of  Oxyria  (Britain  and  U.S.  America).  The 
spores  germinate  in  water  or  nutritive  solutions,  and  produce  a  four-celled 
promycelium  from  which  conidia  are  given  off,  especially  in  nutritive 
solutions  ;  the  conidia  ultimately  produce  germ-tubes. 

1  Zoolog.-botan.  Gtntll.,  Vienna,  1880. 
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Uflt.  Vaillantii  Tul.1  appears  in  the  anthers  and  ovaries  of 
Gagea,  Scilla,  Muscari,  etc.  The  perianth  of  diseased  flowers 
remains,  but  is  somewhat  enlarged.  The  ovaries  and  anthers 
become  filled  with  spores ;  the  latter  organs  are,  however,  fully 
developed  and  may  even  contain  pollen-grains  mixed  with  spores. 
According  to  Brefeld,  the  spores  germinate  easily  in  water  and  in 
nutritive  solution.  A  proniycelium  is  formed  which,  after  detach- 
ment from  the  spore,  becomes  three-celled  and  develops  conidia. 
These  sprout  for  Borne  time,  then  produce  three-celled  promycelia. 

Ust.  oraithogali  (Schm.  et  Kze)  forms  leaf- swellings  on  Ornithogalum  and 
Gagea. 

Uat  tulipae  (Heufl.)  produces  swellings  on  the  leaves  of  the  tulip. 

Ust  plurabea  Rostr.  occurs  on  leaves  of  Arum  macvlatum  in  Denmark, 

Uat  ficuum  Reich.     In  the  fruits  of  Fictu  Carica  in  Asia  Minor. 

Ust  Trabutiana  Sacc.     In  berries  of  Dracaena  Draco  in  Algeria. 

Uat.  Vrieseana  VuilL1  In  the  Botanic  Garden  at  Amster- 
dam, the  roots  of  several  species  of  Eucalyptus  exhibited  woody 
tumours  from  which  proceeded  outgrowths  resembling  "  witches' 
brooms."  TheBe  contained  the  mycelium  of  an  Ustilago  which 
produced  spores  in  the  cortical  tissues. 

Uat.  (?)  adoxae  Bref.  On  Adara  moschaCellina  in  cells  of  the  subterranean 
stem.     The  spores  produced  only  simple  filaments  without  conidia. 

Ust  Lagerheimii  Bref.     On  Rumea  from  Quito. 

Ust  Schweinfurthiana  Thlitn.     On  Imperata  cylindrica  from  Cairo. 

Ust.  boutelouae-humilis  Bref.     On  Boutdoua  Aumilis  from  Quito. 

Ust  Ulei  Henn.    On  CAloris. 

Uat  spinificis  Ludw.     On  Spinifer  hirtuta  from  Adelaide,  Australia. 

Ust.  Treubii  Solms.8  This  Javanese  fungus  and  the  galls 
produced  by  it  deserve  a  somewhat  lengthened  notice  on  account 
of  their  general  biological  interest.  It  causes  a  hypertrophy  on 
Polygonum  ckinense  in  Java,  which  further  exemplifies  the 
phenomena  already  noticed  in  connection  with  Caeoma  deformans 
on  Tkujopsis  (p.   30). 

The  stems  at  attacked  places  show  strong  hypertrophy  and 
great  change  in  their  anatomical  structure.  Solms  designates 
the    thickenings,    in    common    with    those    caused    by    Caeoma 

'Tulasne,  Ann.  d.  science  natvr.,  Ser.  in.,  VoL  vit.,  1S47,  with  plates  of  Muxrari. 
Worth  G.   Smith  (Gardener"*  Chronicle,  xv.,   1864,  p.  463),  gives  a  figure 
and  note  on  occurrence  of  this  smut  in  Britain.     (Edit.) 


'Vuillemin,   Cm.pl.  rend.,  1894. 

"Solma,  Annai.  du  jardin  liotan.  de  Buiteaxorg,  Vol.  vi.,  1886-87,  p.  79. 


d  by  Google 


300  USTILAGINEAE. 

deformans  and  Pcridermium,  elatinum,  aB  "  vegetative  canker- 
galls."  Oil  those  places  are  crowded  fleshy  brittle  outgrowths, 
consisting  of  an  irregular  bent  club-like  stalk,  longitudinally 
furrowed,  and  expanded  at  its  upper  extremity  into  a  broadened 
head  containing  the  Ustilago  spores.  Solms  calls  these  out- 
growths "  fruiting  galls," ]  and  he  describes  them  as  follows : 
"  if  one  of  these  protuberances  be  divided,  the  spore  deposit  will 
be  found  as  a  flattened  violet  layer,  extending  to  the  margins 
of  the  head  and  roofed  in  by  a  slight  plate  of  tissue.  This 
laBt  becomes  ruptured,  shrivelled,  and  brown.  The  violet 
spores  are  thus  set  free,  along  with  a  loose  woolly  capillitium- 
tissue,  which  apparently  facilitates  distribution  of  the  spores 
by  rendering  them  difficult  to  moisten,  a  contingency  very 
likely  to  happen  in  the  heavy  tropical  rains  of  Java,  and  with 
the  result  that  germination  would  occur  before  the  spores  had 
time  to  be  transported  to  a  new  host.  After  shedding  of  the 
spores,  the  succulent  stalk  remains.  The  fruit-galls  consist  of 
a  hypertrophied  tissue  developed  from  the  cambium;  they  first 
emerge  as  roundish  naked  protuberances,  covered  externally  by 
a  smooth  epidermis,  and  containing  a  meristem  from  which 
fibro vascular  bundles  are  developed.  The  galls  are  composed 
of  a  homogenous  parenchyma  of  large  thin-walled  cells,  elongated 
in  the  direction  of  the  long  axis  of  the  galls,  and  containing 
large  cell-nuclei.  The  epidermis  consists  of  little,  polygonal, 
nucleated  cells,  and  is  pierced  by  a  few  stomata.  The  galls 
are  internally  permeated  by  a  number  of  irregularly  arranged 
fibro  vascular  bundles  which  show  a  slightly  developed  wood 
and  bast  region.  As  the  anterior  end  of  the  fruit-gall  elongates, 
the  bundles  keep  pace  by  repeated  forkings,  and  form  a 
system  of  branches  diverging  at  very  acute  angles  and  ter- 
minating a  short  distance  from  the  surface  of  the  gall.  The 
violet-brown  sporogenous  layer  is  situated  just  at  the  termination 
of  the  bundles,  and  is  covered  by  a  slight  layer  of  parenchyma 
under  the  epidermis.  The  sporogenous  layer  appears  as  if 
composed  of  columns  arranged  beside  one  another  in  a  palisade 
manner,  and  connected  above  and  below  with  the  enclosing 
tissues.  At  the  margins  of  a  section  the  columns  easily  separate, 
and  will  be  seen  to  consist  of  a  central  strand  of  elongated 
cylindrical  cells  filled  with  a  reddish  gum-like  mass.     The  cells 

1  Fruchtgallen. 
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belong  to  the  tissue  of  the  Polygonum  and  may  form  simple 
filaments,  or  several  such  filaments  may  become  bound  together 
by  lateral  connections.  Each  strand  becomes  surrounded  by 
spores  of  the  Ustilago  which  are  set  free  on  rupture  of  the 
fruit-gall,  while  the  cell-strands  laterally  bound  to  each  other 
are  loosened  from  the  surrounding  tissue  as  the  capillitiuni, 

"  The  spores  germinate  in  water,  producing  short  unicellular 
promycelin  and  fairly  large  conidia,  which  coalesce  before  they 
germinate.  The  mycelium  is  confined  to  a  small  part  of  the 
stem,  twigs,  or  inflorescences  of  the  host-plant.  The  hyper- 
trophied  parts  of  the  stem  contain  abnormal  spongy  wood, 
which  easily  decomposes  and  brings  about  the  death  of  the 
galls,  along  with  parts  of  the  stem  situated  beyond  them,  or 
even  the  whole  plant.  The  normal  production  of  cambium  is 
completely  destroyed  in  the  galls.  The  pith  and  primary  rind, 
however,  remain  uninfluenced.  The  cambium  produces,  both 
outwards  and  inwards,  such  a  mass  of  thin-walled  parenchyma 
that  the  normal  bast  is  forced  asunder  and  disarranged.  In 
this  way  rupture  of  the  sclerenchyma-layer  ensues,  whereby  the 
primary  rind  is  destroyed,  and  the  abnormal  tissue  formed  by 
the  cambium  emerges  to  view.  It  is  from  such  places  that 
the  excrescences  described  have  their  origin." 

It  will  be  seen  we  have  here  the  partners  of  a  symbiosis 
becoming  so  adapted  to  each  other  that  the  host-plant  produces 
a  special  tissue  for  the  distribution  of  the  spores.  This  case 
goes  further  than  most  of  those  already  mentioned  in  §  5; 
but  the  bushes  produced  by  Cacoma  deformans  for  the  formation 
of  its  spores  are  again  a  distinct  advance  on  the  "  fruit-galls " 
of  this   Ustilago. 

Ointractia. 

Spore-masses  developed  inside  a  stroma  and  passing  outwards 
so  that  the  mature  black  spores  lie  freely  exposed. 

Magnus '  has  recently  separated  Uililago  caricii  Pera.  and  V.  tutiincluia 
Kom.,  and  placed  them  under  this  genus,  because  their  spores  are  developed 
only  in  the  epidermal  cells  of  the  host-ovary. 

Cintractia  caricia  (Pers.)1  (Britain  and  U.S.  America).     The 

'Cornu.  Annul,  d.  nienees  natnr.,  Ser.  VI.,  Vol.  xv.,  1883.     Plate  XV. 
Magnus,  Botan.  Vtrttn  d.  Proi:  Brimdaibnvy,  xxxvn.     Brefeld,  Schimmelpik, 
Heft  in.,  1895. 
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mycelium  forma  a  stroma  on  the  ovary-wall ;  there  the 
spores  originate  and  pass  out  to  the  ^periphery  as  they  attain 
maturity.  The  spores  adhere  in  black 
masses,  and  germinate  in  water  in  the 
following  spring.  A  promycelium  is  pro- 
duced, and  on  emerging  into  the  air 
becomes  divided  by  means  of  a  cross- 
septum  towards  its  apex ;  from  both 
cells  so  formed  conidia  are  developed 
aud  grow  out  into  germ-tubes  without 
previous  sprouting.  This  species  occurs 
on  many  species  of  Carex,  and  the 
mycelium  perennates  in  the  rhizomes. 
The  spores  vary  somewhat  on  the 
different  hosts. 

0.  subinclusa  (Korn.)  (U.S.  America). 
The  spores  form  coal-black  masses  in  the 
ovaries  of  many  species  of  Carex.     They 
develop  on  a  stroma  from  within   out- 
wards, and  are  more  easily  detached  than 
those  of  C.  caricis;   their  coat-markings 
also  take  the  form  of  thicker  and  shorter 
rwo'ov.i'rith^s't^'^'r^S     processes.       On    germination    in    water 
«n  btM E,todu'!£?JiId1  uJmmj^     a^ter  a  resting  period,  the  spores  produce 
■dd3o«w>neti<n!  '"J^ruiaSS     two-celled    promycelia,   from   the   apical 
dflL)  cell    of    which    an    ovoid    conidium    is 

abjointed,  while  from  the  lower  cell  a  lateral  conidiophore  is 
produced.  Numerous  conidia  are  given  off  from  both  cells,  and 
grow  out  without  previous  sprouting. 

C.  (?)  torghi  (EndotMa&pii  torgki)  Sor.  The  mycelium  envelopes  the  grain  of 
Sorghum  cernwani,  aud  fills  it  with  black  a  pore -masses.  It  has  only  been 
observed  in  Asia. 

Other  species  of  Cintractia  occur  outside  of  Europe,  but  are  of  no 
practical  importance. 

Sphacelotheca. 

The  sporocarp  is  sharply  defined,  and  consists  of  a  columella 
round  which  the  loose  mass  of  spores  is  disposed,  the  whole  being 
enclosed  in  a  covering  formed  by  non-sporogenous  hyphae. 

Sphacelotheca  hydropiperis  (Schum.).     De   Ban-  describes 
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this    fungus    as    follows : '       "  Sphacelotkcca  forms  its  compound 
sporophore  in  the  ovule  of  its  host.     When  the  ovule  is  normally 
and  fully   developed    in  Ihe  young   flower,   the  parasite,   which 
always  grows  through  the  flower-stalk  into  the  place  of  insertion 
of  the  ovary,  sends  its  hyphae  from  the  funiculus  into  the  ovule, 
where  they  rise  higher  and  higher  and  surround  and  penetrate 
its  tissue  to  such  an  extent  as 
almost  entirely  supplant  it,  and 
thus    an    ovoid    fungus- body    of 
densely  interwoven  hyphae  takes 
the    place    of  the   ovule.      The 
uiicropylar  end    of  the   integu- 
ments alone  escapes  the  change, 
and    remains    as    a    conical    tip 
(Fig.  164  C)  on  the  apex  of  the 
fungus-body  and  gradually  turns 
brown  and  dries  up.    The  fungus- 
body  is  at  first  colourless  and 
uniformly    composed    of    much- 
branched     hyphae,     which     are 
woven   together   into  a  compact 
mass   and    have    the  gelatinous 
walls  of  the  simple  sporophore  of 
UsHlago  to  be  described  below. 
If    it    has    retained    its    ovoid 
form     as    it    steadily    increased 
in  volume,  differentiation  begins 
first  in  the  apical  region  into  a 
comparatively   thick    outer   wall 
which    is  closed    all    round,  an 
axile    columnar    cylindrical    or 
club-shaped  body,  the  columella, 
both  parts  remaining  colourless,  and  a  dense  spore-mass  which 
fills   the   space  between  the  two  and  becomes  of  a  dark  violet 
colour  (Fig.   164   C,  D).     The  lower  part  which  corresponds  to 
the  funiculus  and  chalaza  of  the  ovule  remains  undifferentiated, 
and  an  abundant  formation  of  new  hyphae  is  constantly  taking 
place   in   it.     This   new   formation   is   so  added  from   below   to 
the   differentiated  portion,   that    the   latter   constantly   increases 
1  Ds  Bary,  Morphology  and  Biology  of  the  Fungi,  English  Edition,  p.  173. 


flower  of  Polygonum  Hydnpiptr.  A,  Ripe 
compound  nanphofa  of  thofuugua  project- 
lug   from   thu    perianth   of  the    Polygonum. 

lor  From  thu  aporophuro.     C,  Median  longl- 

■ectJon  through  an  older  sporophore.  c.  The 
columalla.  p.  The  perianth.  /,  The  wall  of 
the  otwv.  «,  The  integument  (mfcropylet  u( 
the  ovule,     p.  The  atvle.     In  C  and  D  the 

•haded  by  longitudinal  llnea.  tho'^uue  of 
ripening  apona  la  darker  Further  explana- 
tion   In    the    text.      (Slightly    magnified.) 
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in  height  without  becoming  materially  broader,  and  maintains 
therefore  the  form  of  a  cylinder  pointed  at  the  upper  end. 
Where  the  parts  below  approach  the  wall,  columella,  and  spore- 
mass,  they  assume  their  structure  and  colour.  In  other  words, 
each  of  the  three  portions  grows  from  its  base  by  addition  of 
new  tissue- elements,  which  are  constantly  being  produced  and 
pushed  onwards  from  a  basal  formative  tissue,  and  are  differen- 
tiated and  assume  their  ultimate  form  in  the  order  in  which 
they  are  produced  (Fig.  164,  C  and  D).  The  development 
and  mature  structure  of  the  spore-mass  are  the  same  as  those 
of  U&tilago,  which  will  be  described  presently.  The  wall  in 
its  fully  developed  state  is  a  thick  coat  formed  of  many  irregular 
layers  of  small  round  cells  not  very  firmly  united  together. 
These  cells  are  formed  in  the  same  way  as  the  spores  from 
the  hyphae  of  the  primary  tissue,  and  are  of  about  the  same 
size  as  the  spores  with  a  delicate  colourless  membrane,  and 
for  the  most  part  with  watery  hyaline  contents.  The  columella 
has  the  structure  of  the  wall,  but  it  usually  incloses  in  its  tissue 
evident  brownish  fragments  of  the  tiesue  of  the  ovule,  and 
consists  at  its  uppermost  extremity  of  much  larger,  firmer 
hyaline  cells,  the  origin  of  which  I  am  unable  to  explain.  1 
may  also  observe  that  the  upper  extremity  in  young  specimens 
always  ends  blindly  in  the  spore-mass  (C),  but  in  some  older 
ones  reaches  to  the  apical  portion  of  the  wall  and  passes  into 
it  (D)\  it  is  still  uncertain  whether  this  is  a  difference  in  the 
individual  plants  or  a  difference  of  age. 

"  The  spore-receptacle  which  has  now  been  described  is  formed 
only  from  the  ovule.  The  perianth  and  stamens  of  the  flower 
continue  in  their  normal  state.  The  wall  of  the  ovary  and  the 
style  are  also  not  attacked  by  the  fungus ;  they  do  not  follow  the 
growth  of  the  spore-receptacle,  and  as  this  advances  the  lateral 
wall  is  distended  and  at  length  bursts  transversely;  the  style 
with  the  upper  portion  of  the  wall  dries  up  into  a  small  point 
at  the  apex  of  the  receptacle,  which  is  borne  by  the  latter  as 
it  grows  out  of  the  perianth  (A).  The  wall  of  the  spore- 
receptacle,  especially  where  it  is  covered  above  by  the  withered 
remains  of  the  wall  of  the  ovary,  is  very  fragile,  and  tears 
asunder  at  the  slightest  touch  to  discharge   the  spores  (£)." 

The  dark-violet  spores  have  a  finely-warted  exospore. 
According   to  Hrefeld,   they   germinate  in  water  after  a  resting 
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period,  and  produce  three-celled  promycelia  with  elongated  ovoid 
conidia,  which  sprout  indefinitely.  In  nutritive  solutions  two 
or  three  promycelia  may  be  produced. 

Schuonella.1 

The  spores  are  produced  in  series  on  the  reproductive  hyphae. 
At  first  two-chambered  by  means  of  a  cross-septum,  they  later 
separate  into  two  loosely-joined  cells  and  form  twin-spores ;  each 
half  germinates  like  an    Ustilago-spore. 

Schixonella  melanogramma  (I).  C.)  (U.S.  America).  A 
species  found  on  leaves  of  various  species  of  Carex.  The  spores, 
when  mature,  escape  by  short  fissures  in 
the  upper  epidermis  of  the  host ;  they 
are  black  and  coupled  in  pairs  by  a  short 
connection.  They  germinate  in  water 
and  produce  a  promycelium  of  three  or 
four  cells  from  which  conidia  are  given 
off.  In  nutritive  solution  the  promycelia 
produce  conidia,  which  fall  off  and  sprout 
yeast-like  for  a  time. 


germinated  and  giTon  off  an 
elgbt-oollod  pKrmywlluin ;  «port- 
dia  in  belo^  abjolnted  lc  wborli. 


Tolypoaporium. 

The  sporogenous  hyphae  form  tangled 
masses,  and  produce  their  spores  firmly 
bound  together  in  balls.  The  single 
spores  are  large,  somewhat  angular  or 
spherical,  and  each  germinates  like  a 
spore  of   UstHago. 

Tolysporium  junci  (Sehroet.)  causes 
the  formation  of  gall-like  outgrowths  on 

the  ovaries,  flower-Btalks,  and  haulms  of  Junats  bufomus  and 
J,  capitattts.  In  these  the  spores  are  developed  and  escape  as 
spore-balls.  The  spores,  after  a  prolonged  rest,  germinate  in 
water  and  produce  four-celled  promycelia,  from  which  ovoid  or 
spindle-shaped  conidia  are  given  off.  In  nutritive  solutions  many 
of  the  cells  in  each  spore-ball  germinate  and  produce  promycelia, 
at  first  four-celled,  later  further  divided  by  new  septa ;  the 
conidia  sprout  and  grow  on  till  they  reach  the  air,  where  aerial 
conidia  are  formed. 

1  Schroeter,  BidogU  d.  Pfiamen,  Bd.  il,  1877. 
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T.  buUatum  Sehroet.  (U.S.  America).  The  ovaries  of  Panicttm 
Crus-galli  are  transformed  by  this  fungus  into  spherical  tumour- 
like bodies,  which  project  from  the  otherwise  unchanged  flower 
and  enclose  the  black  spore-masses.  The  spore-balls  consist  of 
hundreds  of  spores  which,  Brefeld  aays,  germinate  in  water  in 
the  following  year.  Each  produces  one,  two,  or  three  two- 
celled  promycelia,  which  give  off  terminal  spindle-shaped  conidia; 
these  sprout  in  nutritive  solutions  and  ultimately  form  aerial 
conidia. 

T.  Cocconii  Mor.     In  leaves  of  Carer  recurva  m  North  Italy. 

T.  peuidUariae  Bref.    On  PeniciUaria  spicata  from  Simla. 

T.  cenchri  Bref.     On  Cenckru*  echinatu*. 

TiUetia. 

Spores  formed  from  hyphae,  which  Bwell  up  in  a  gelatinous 
manner.  Conidia  spindle-shaped  or  filamentous,  and  produced 
in  whorls  from  the  extremity  of  a  non-septate  promycelium ; 
they  are  developed  only  in  air  and  generally  fuse  in  pairs 
before  being  detached  from   the  promycelium. 

Tilletia  tritici  (Byerk.)  (T.  caries  Till.)  (Britain  and  U.S. 
America).     Smut,  stink-brand  or  stinking-smut  of  wheat. 

This  constitutes  one  of  the  most  destructive  smuts  of  wheat- 
grain,  not  only  destroying  the  grains  actually  attacked,  but  the 
black  spores  cause  such  damage  to  the  remainder,  when  threshed 
or  ground,  that  it  is  useless  for  bread-making.  The  presence 
of  this  fungus  is  most  obnoxious  from  its  strong  odour  of  herring- 
brine  or  trimethylamin,  hence  the  name  stinking-smut  or  stink- 
brand.  The  smut  also  possesses  poisonous  properties  which  make 
flour  contaminated  with  it  dangerous  to  human  beings,  and  the 
straw  or  chaff  injurious  to  cattle. 

Certain  diseases  are  produced  in  animals  by  the  consumption  of  smut- 
fungi  with  food.  The  effects  of  each  species  of  smut  have  not  as  yet  been 
closely  investigated,  but  TKlletia  trilici  seems  to  be  one  of  the  chief  causes 
of  trouble.  The  following  are  also  auspicious  :  Uttilugo  maydi*  and  the 
various  species  of  U/tilago  which  attack  oats,  barley,  wheat,  and  grasses. 
The  symptoms  in  the  few  cases  of  disease  observed  do  not  agree  very 
closely.  A  paralyzing  effect  on  the  centres  of  deglutition  and  the  spinal 
cord  seems  to  be  regularly  present.  As  a  result  oue  generally  finds  a 
continuous  chewing  movement  of  the  jaws,  and  a  flow  of  saliva,  also 
lameness,  staggering,  and  falling.  Cattle,  sheep,  swine,  and  horses  are  all 
liable  to  attack. 
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The  black  spore-powder  is  developed  as  an  evil-smelling  mass 
in  the  ovaries  of  the  host,  which  are  completely  destroyed  except 
the  outer  coats.  As  a  rule  every  grain  in  an  ear  is  attacked. 
The  smut  is  at  first  oily  or  greasy,  but  gradually  dries  up  to 
form    a    hard   atony    mass     enclosed    in    the    fruit-glumes    and 


Flo.  IfJ7.—  TitUtia  triad-  A,  Two  aporoa  aannlnatod  in 
molet  air;  a  short  promycellum  la  developed,  sad  bonra  a 
erowii  of  contdia  (epnrldla).  Besom]  i>f  which  have  fined  in 
pain.    Fiubion  of  oonldli,  germination,  and  development  of 

ganntnatedln  water  with  proiiiycella  which  eluntfnte  till  the 


Let   contatae   two   amut-imiliiB, 
which,   ai    well    a>   the   Isolated 

orhrlnul  ovary  wall.    One  nrnrt- 

terior  filled  with  black  iporee, 


pales.  The  spores,  therefore,  do  not  escape  as  dust  on  the 
field,  but  remain  in  the  heads  and  are  garnered  with  the  crop. 
Smutty  ears  are  easily  distinguished  on  the  field  by  their 
stiff  erect  position  towards  harvest-time,  as  compared  with  the 
more  or  less  nodding  healthy  ears ;  their  florets  also  lie  more 
away  from  the  axis  of  the  ear,  the  chaff-glumes  are  more  spread 
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out,  and  the  graina  are  somewhat  compressed.  In  earlier 
stages  of  development  the  diseased  ears  are  less  easily  dis- 
tinguished, but  they  grow  more  rapidly  than  the  normal,  their 
ovaries  are  earlier  formed,  and  have  a  dark  greenish-brown 
colour.  According  to  Kuhn,1  the  ears  in  their  earlier  stages, 
as  they  emerge  from  the  leaf-sheath,  possess  abnormally  thickened 
seed-coats,  especially  towards  the  apex,  while  in  section  they  show 
a  dark -green  colour.  He  also  found  the  grains  to  be  replaced  by 
a  white  and  easily  detachable  mass  of  fine  mycelium.  Spores 
are  formed  as  swellings  on  the  ends  of  the  sporogenous  hyphae, 
and  into  these  the  plasma- con  tents  of  the  hyphae  pass  over.  The 
mature  spores  are  dark-grey  and  spherical,  with  netted  markings 
on  the  episporium.  They  germinate  in  water,  and  produce  a 
promycelium  of  varying  length.  The  conidia  arise  as  a  whorl 
of  thread-like  branches  on  the  end  of  the  promycelium,  and  into 
them  all  the  protoplasm  passes  over,  while  the  promycelium, 
after  being  cut  off  by  a  cross  septum,  disappears,  leaving  the 
conidia  as  isolated  bodies  (Fig.  167).  The  conidia  become  united 
in  pairs,  frequently  before  isolation.  After  fusion  comes  germina- 
tion, and  the  emission  of  a  filament  from  the  end  of  whieh 
sickle-shaped  conidia  are  abjointed.  Kiihn  states  that  these 
conidia,  as  well  as  the  whorled  primary  conidia,  if  placed  in  a 
damp  atmosphere,  can  give  rise  to  a  hypha  capable  of  infection. 
In  water,  however,  the  hyphae  continue  to  grow  longer,  the 
plasma  from  the  older  parts  passing  over  to  the  younger,  and 
no  conidia  are  formed  (Fig.   167). 

The  conidia  which  remain  unpaired  were  found  by  Brefeld  to 
behave  similarly  to  those  which  pair,  except  that  the  resulting 
germ-tubes  and  conidia  remained  smaller.  Spores  refuse  to 
germinate  in  nutritive  solutions.  Conidia  grown  in  water 
cultures  and  placed  afterwards  in  nutritive  solutions,  give  off 
a  fine  mycelium,  from  which  short,  lateral,  aerial  branches 
become  cut  off  by  septa,  and  devote  their  contents  to  the  pro- 
duction of  a  few  sickle-shaped  conidia ;  these  are  easily  detached, 
and  produce  a  mycelium  capable  of  giving  off  further  conidia 
in  a  manner  similar  to  that  just  described. 

The  investigations  of  Brefeld  have  also  given  the  interesting 
result  that  hyphae  which  produce  conidia  may  also  give  rise 
to  spore-like  bodies.  The  hyphae,  after  growth  in  length  has 
1  Kuhn,  Die  KraTtkheiten  d.  Kvllurgetciichw,  1858, 
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ceased,  begin  to  thicken,  at  first  equally,  then  more  at  some 
places  than  others,  so  that  they  become  nodose  or  rosary-like, 
with  swellings  at  irregular  intervals.  The  spores  originate  in 
the  swellings,  and  between  them  are  formed  cross-septa  which 
split  and  bring  about  isolation  of  the  spores. 

Kiihn's  experiments  on  infection  are  of  considerable  interest. 
He  investigated  the  germination  of  this  and  other  smut-fungi, 
cultivating  many  of  them  in  his  garden  at  Halle,  and  published 
his  results  as  early  as  1858.1  In  his  artificial  infections  he 
dusted  seedlings  with  spores  of  Tilletia,  and  investigated  the 
different  parts  of  them  microscopically.  Sections  showed  him 
that  the  germ-tubes  penetrate  direct  through  the  walls  into 
the  epidermal  cells,  and  always  in  the  neighbourhood  of  the 
lowest  nodes.  Thence  the  mycelium  grows  upwards  with  the 
lengthening  plant,  especially  through  the  pith,  and  the  plasma 
of  the  older  mycelium  passes  onwards  into  younger  parts.  In 
this  way  the  hyphae,  without  greatly  disturbing  the  growth  of 
the  wheat-seedlings,  reach  the  ovaries,  and  with  the  formation 
of  spores  begin  the  work  of  destruction. 

Kiihn  was  also  able  to  demonstrate  that  both  germinating 
sporidia  and  conidia  are  capable  of  infection,  and  that,  where 
many  had  infected  the  same  plant,  so  much  mycelium  could  be 
produced  that  death  of  the  host  ensued.  According  to  the 
same  authority,  the  fungus  attacks  spring  wheat  more  than 
winter  wheat,  and  the  common  forms  (Triticum  sativum  and 
T.  turgidum)  with  nearly  allied  varieties,  more  than  "spelt" 
(Triticum  spelta). 

As  a  preventive  measure  against  Tilletia,  the  experiments  of 
Kellermann,  Swingle,  Kirchner,  and  others,  lead  them  to  recom- 
mend Jensen's  method  of  placing  the  seed  in  hot  water  immedi- 
ately before  sowing.     (See  Chap.  VI.) 

Tilletia  laevis  Kiihn.  (U.S.  America.)  This  is  another  stink- 
ing smut  of  wheat  similar  to  T.  tritici,  except  that  its  spores 
have  perfectly  smooth'  coats. 

T.  controversa  Kiihn.  Found  in  grains  of  Triticum  repent 
(couch-grass)  as  well  as  TV.  vulgare  and  TV.  glavoum.  The 
spores  are  distinguished  from  those  of  T.  tritici  by  the  higher 
ridges   and    wider   meshes   on   the   episporium.      The   mycelium 

ix pertinents ; 
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peren  nates  in  the  rhizomes.  The  spores,  according  to  Brefeld, 
germinate  in  water  after  a  resting  period  of  two  years ;  in 
two  years  more  they  lose  their  capacity  for  germination. 

T.  aecalis  (Cord.) '  is  epidemic  and  destructive  in  ovaries  of 
Seade  ccreale. 

T.  decipiens  Pers.  (Britain).  In  fruits  of  Agrostis  vulgaris 
and  A.  stoloni/era.  Schroeter  says  the  plants  remain  stunted. 
Brefeld  states  that  spores  germinate  in  water  after  a  resting- 
period  of  three  years,  and  lose  their  capacity  for  germination 
in  the  following  year. 

T.  lotii  Auersw.  frequents  the  ovaries  of  cultivated  Zolium 
perennt,  and  of  L.  tcmulentum  (darnel-grass). 

T.  hordei  Kbrn.  occurs  in  grain  of  Jfordeum  fragile  and  H.  murtnum  in 

T.  separata  (Kunze).     In  grain  of  Apera  Spica-venti. 

T.  calospora  Paaa.     In  grain  of  A lulrcrpogon  agrttti*  in  Italy. 

T.  Rauwenhoffii  Fisch.     In  grain  of  Holcu*  lanatut  in  Belgium. 

T.  olida  (Riess.)  forms  stripes  on  tile  leaves  of  Brachypodium-  tj/twtuntm 
anil  B.  pomatum. 

T.  sesleriae  Juel  forms  similar  stripes  on  leaves  of  Setleria  eoerulea. 

T.  striiformia  (Westend.)  occurs  on  leaves,  leaf -sheaths,  and  stalks  of 
Alopeearui,  Anthoxanthura,  Milium,  Jfolcut,  Arrhmatherum,  Briza,  Poo, 
Dactylit,  Festttca,  Bromus,  Agrottit,  Lolittm,  etc.  (Britain  and  U.S.  America). 

T.  calamagrostidis  Fuck.  On  leaves  of  Cttlamugrottit  epigaea,C.  Halleriaiia 
and  Triticum  repent. 

T.  epiphjlla  Berk,  et  Br.  Stink-brand  of  Australian  maize. 

T.  Fischeri  Karat.     In  fruits  of  Varex  canetcent  in  Finland. 

T.  arctica  Eostr.     On  leaves  and  Btalks  of  Cuerer  fettioa  in  Finmark. 

T.  thlaspeos  Beck.     In  fruit  of  Thtatpi  alpettre, 

T.  zonata  Bref.     On  Sporobolat  ligularis  from  Quito. 

T.  (?)  glomerulata  Cocc  et  Mor.  occurs  in  Italy  on  leaves  of  Cynodon 
Dactylott,  Plan/ago  lanceotata,  and  Medicago. 

T.  sphagni  Nawaschin  s  was  once  regarded  as  a  second  form  of  spore  of 
Sphagnum. 

T.  oryzae  Fat.  The  fungus  to  which  this  name  was  given  forms 
sclerotia  in  the  grain   of  Oryia  lativa   (Rice)  in  Japan. 

Brefeld1  found  that  dark  spores  are  given  off  from  the  surface  of  the 
Bclerotia.  These  spores,  on  germination  in  nutritive  solution,  produced  a 
septate  mycelium  which,  in  dilute  solutions,  gave  off  pear-shaped  colour- 

1  Ktlhn,    Baton.    Zeit it* 
nUerlaitd.  KuUur,  1876. 

"Nawaschin,    Utber  dit   Brandtrantkeit  d    Torfmt 
biologiquea,  t.  xiii.,  liv.  3,  1893. 

-1  Botan.  Centraibiatt,  utv.,  18%,  p.  97. 
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leas  conidia  incapable  of  germination.  When  the  nutritive  solution  was 
frequently  renewed,  the  mycelium  grew  vigorously  and  formed  a  sclerotium- 
like  body,  from  which  the  dark  spores  were  laterally  abjointcd  and  set 
free.  On  this  account  Brefeld  founded  a  group  with  the  generic  name  of 
Ustilaginoidea ;  it  includes  this  species  as  Uitilaginoidea  oryzae  and  an- 
other similar  one  on  Setaria  CruM-Ardeae  he  calls  Utt.  teturUte.  The  group 
has  affinities  with  the  TJstilagineae  and  AHComycetes  like  C'/avicep*,  and 
Brefeld  sees  in  it  a  connecting  link  between  the  two  families. 
Several  other  American  species  of  Tilletia  have  been  recorded. 


NeovoBsia. 

Characters  similar  to  Tilletia,  except  that  the  conidia  produced 
on  germination  of  the  spores  do  not  coalesce.  Conidia  sown 
in  nutritive  solutions  produce  a  mycelium  with  two  kinds  of 
secondary  conidia. 

N.  moliniao  Kornike.  The  black  spore-powder  is  developed 
in  enlarged  ovaries  of  Mdinia  coendea.  The  smooth  ovoid 
spores  are  enclosed  in  a  transparent  mantle,  and  have  a  hyaline 
tail-like  appendage.  Each  spore  is  produced  at  the  end  of  a 
hyphal  filament,  which  remains  attached  after  the  spore-mass  is 
freed  and  forms  the  appendage.  The  spores  germinate  in  water 
at  once,  and  send  up  a  simple  aerial  promycelium,  on  the  apex 
of  which  a  crown  of  many  needle-like  conidia  are  produced. 
Septation  of  the  promycelia  may  take  place  if  they  become  very 
long,  the  protoplasm  passing  into  the  apical  segments  and  leaving 
the  basal  empty,  as  in  Tilletia.  Branching  of  the  promycelia 
may  also  occur.  The  conidia  on  being  shed  give  off  sickle- 
shaped  secondary  conidia.  In  nutritive  solutions,  however,  the 
conidia  produce  a  mycelium  from  which  either  sickle-shaped  or 
needle-shaped  conidia  may  be  given  off,  the  latter  however  never 
as  a  crown  or  circlet. 

N.  Barclayarui  Bref.  In  the  fruits  of  Pennitetum  trt/torum  in  Simla. 
(This  is  not  synonymous  with  Uttilago  penniteti  Eabh.). 

N.  (?)  bambusae  Bref.     In  fruits  of  bamboo  from  Brazil. 

Entyloma. 

Mycelium   intercellular    and    never   gelatinous.       The    spores 

are  of  intercalary  origin,  and  arise  here  and  there  on  any  part 

of    the    mycelium.      The    spore-clusters    appear    externally    as 

spots,   and    the   spores   never   leave   the    host      The   spores   on 
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germination  produce  a  thread-like  promycelium  bearing  apical 
conidia,   which    conjugate    in    pairs    before    emerging    from    the 


The  following  species  form  conidia  on  the  host-plant : 

Entyloma  serotinum  Schroet.  occurs  on  leaves  of  Symphytum  tuberosum, 
1.  officinalis,  and  Borage  officinalis. 

E.  caneacens  Schroet.    On  Myotolit  (Britain). 
E.  fuscum  Schroet.     On  Papaver  Rhoeas  and  /'.  Argemone. 
E.  bicolor  Zopf.    On  Papaver  Rhoeas  and  P.  dubium  (Britain), 
E.  ranunculi  (Bon.)  forma  white  spots  on  species  of  Ranunculus.    Tufts 
of  hyphae  emerge  from  the  stomata  and 
form  conidia,  which  on  germination  again 
give  off  conidia.1     (Britain.) 

E.  corydalis  De  Bary  on  Corydalis 
cava  and   C.  sotida. 

E.  heloscladii  Magn.  on  Heloscladium 
nodijlomm. 

These  do  not  produce  conidia  on 

the  host-plant : 

E.  thalictri  Schroet.  on  Thalictrum 
minus  (U.S.  America). 

E.  vermculosum  Pass,  on  Ranuncuhts 
lanuginosa*. 

E.  Fiacheri  Thiim.  on  Stenactis  bellidi- 


E.    chrysosplenii    (Berk,    et    Br.)    • 
Chrysosplenium  altemifolium  (Britain). 

E.  linariae  Schroet  on  Linaria  wXga; 
(U.S.  America). 

E.  picridia  Rostr.  ■ 

E.  eryngii((.'orda) 
and  E.  campestre. 
Calendula, 


aSf 


Picris  kieracoides. 
Eryngium  planum 


,  Arnica, 


E.    calendulae   (Oudeu.) 
Bdlidiastrum.,  etc.  (Britain)  (Fig.  168). 

E.  crastophilum  Sacc.  on  Poa  and  Dactylis  in  Italy. 

The  following  produce  gall-like  swellings : 

E.  microsporum  (Ung.)  {E.  Ungerianum  De  Bary)  (Britain  and 
U.S.  America).  On  Ranunculus  repent,  R.  bulbosus,  and  R.  Ficaria 
(Fig.  168). 

E.  Aschersonii  (Ule)  on  roots  of  Helichrysum  arenarium  (Fig.  169). 

E.  Magnusii  (Ule)  on  roots  of  Gnaphalium.  uliginosum  and  O.  luteo-album 
(Fig.   170). 

1  H.  M.  Ward,  Philosoph.  transactions  of  Royal  Soc.  London,  Vol.  178,  1889. 


d  by  Googje 


KNTYLOMA.  313 

Still  to  mention  arei 

E.    Ellissi    Halst.,    known    as    "white    smut."1      It    inhabits    spinach 
(Spinacia  oleraeea),  discolouring  the  leaves. 

E.  otsifragi  Rostr.  on  Xarthtcivm  ossifragwm  in  Denmark. 
E.  cfttenuUtoni  Rostr.  on  Aira  caetpitota  in  Denmark. 


Flo.  W.—Bntylm**  AkK 
■tad  spore  with  mptili  promjcellum  ; 
promycolliU  branch  remains  nidtmen 
the  other  (to  left]  h»*  produced  two  Vtui 
one  of  which  bu  elongated  and  bean  ■ 
dtum.    (After  Woronfn.)  nunnim./ 

E.  leproidum  Trab.a  [Oedomycet  Upnridei  (Sacc)].  Diseased  beet-root 
exhibits  irregular  outgrowths,  which  enclose  spaces  filled  with  the  brown 
spore-powder  of  this  fungus. 

E.  njmpheae  (Cunningham)  Setch.3  on  various  species  of  Nymphea  in 
America,  Africa,  and  Europe. 

Melanotaenium.' 

Spores   unicellular  in   patches   on  an  intercellular    mycelium 

lying  deep  in  the  host-plant;   they  have  a  thick  dark  brown 

1  Halsted,  New  Jersey  Agrie.  Exper.  Station  Bulletin,  No.  70,  1890. 
•Trabut,   "  Sur  une  UstiUaince  parasite  de   la  Betterave."      Compt.    rewl. 
ravin.,  1894, 
■Setchell,  Botanical  Gazette,  1804,  p.  188  (with  illustrations). 
'Schroeter,  Kryptogam.  Flora  v.  ScMuittt.    Worosin,  Senckenberg  Ottelt,  1880. 
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epispore,  and  the  clusters   appear   black  or  leaden-grey.      Ger- 
mination as  in  Entyloma. 

Melanotaenium  endogenum  (Unger)  (Britain).  This  is 
found  on  Galium  Mollugo  and  G-.  verum.  The  mycelium 
permeates  the  whole  intercellular  system  of  the  host,  and  is 
nourished  by  large  tufted  haustoria. 
The  host-plants  remain  small,  with 
shortened  internodes,  shrunk  leaves, 
and  undeveloped  flowers.  The 
spores  occur  in  patches  in  de- 
formed flowers,  and  on  leaves  and 
internodes.  They  are  formed  in 
summer,  and  by  autumn  are  capable 
of  germination  in  water ;  Woronin 
could  not  keep  them  alive  over 
winter.  On  germination  a  bifur- 
cate promycelium  is  produced,  one 
branch  of  which  remains  rudimen- 
tary, while  the  other  grows  on, 
and,  if  long,  becomes  divided  by 
cross-septa.  At  its  apex,  a  number 
of  conidia  arise,  and,  after  many  of  them  have  fused  in  pairs, 
they  germinate  directly  to  a  septate  filament  into  which  the 
plasma  passes  over  (Fig.  l^l). 

MeL  caulium  (Schneider)  causes  the  stem  of  Linaria  vulgaris  to  swell 
lip  like  a  quill. 

Mel.  cingens  (Beck.)  on  Linaria  genUtifolia.  According  to  Brefeld, 
this  species  only  germinates  after  resting  for  four  yeara,  whereas  Jnel 
easily  caused  Mel.  caulium  to  do  so  after  a  short  rest. 


UrocyatiB. 
Spores  massed  into  balls,  consisting  of  several  spores  sur- 
rounded by  smaller  companion -cells  incapable  of  germination. 
The  central  spores  are  clearly  distinguished  from  the  others 
by  their  larger  size,  darker  colour,  and  thicker  coat.  The  balls 
of  spores  are  developed  inside  coils  of  hyphae,  which  become 
entwined  together  and  swell  up  in  a  gelatinous  manner.  The 
central  spores  on  germination  give  rise  to  a  promycelium,  with 
terminal  conidia  which  do  not  as  a  rule  fuse  in  pairs,  but  grow 
out  directly  into  mycelia. 
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Urocystis  occulta  (Wallr.).  (Britain  and  U.S.  America.)  This 
species  is  common  on  the  haulms,  leaves,  leaf-sheaths,  and  less 
commonly  on  floral  parts  of  Secede  cereale  (rye).     It  causes  the 


formation  of  grey  stripes,  from  which  a  black  spore-powder 
escapes.  The  haulms  become  diseased  and  smutty,  thereby 
preventing  development  of  the  ear,  which  remains  stunted  and 
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empty  (Fig-  172).  Spore -formation  causes  the  parenchyma  of 
the  stem  to  be  destroyed  in  strips,  along  which  rupture  takes 
place,  and  the  haulm,  losing  its  rigidity,  falls  over.  The  balls 
of  spores  consist  of  one  or  two  smooth  spores  enclosed  by 
companion-cells.  Germination  takes  place  easily  in  water,  and 
a  circle  of  cylindrical  conidia  are  produced  from  the  end  of 
each  pro  mycelium.  The  conidia,  without  becoming  detached, 
give  off  a  lateral  germ-tube.     The  mycelium  does  not  hibernate. 

While  this  smut  does  not  occur  on  cereals  so  commonly  as 
species  of  Cstilago  and  Tilletia,  still  it  may  sometimes  cause 
severe  loss.  Treatment  of  seed  by  Jensen's  hot-water  method, 
or  by  a  copper  sulphate  steep,  may  be  resorted  to,  but  the 
results  have  not  as  yet  been  always  successful. 

The  only  other  smut  of  rye  is  Ustilago  secalis  in  the  grain, 
and  it  is  only  rarely  found.  Winter,  however,  considers  rye 
amongst  the  host-plants  of  Uroeystis  agropyri. 

Urocystts  agropyri  (Preuss.)  (Britain  and  U.S.  America).  Leaves  and 
haulms  of  Triticam  repent,  Arrhsrtatherum  elatiue,  Fettuca  rubra,  and 
Bromu*  tnermie  are  the  habitat  of  this  species. 

U.  festucae.     Another  species  distinguished  by  Ule  on  Fettuoa. 

U.  Ulei  Magn.     In  leaves,  more  rarely  in  in  florescences,  of  Poa  prateruis. 

U.  luiulae  Schroet.     On  leaves  of  Lutula  piloea. 

U.  colchici  (Schlecht.).  On  leaves  of  Colchicum  autumnaie, 
Muecari  comosum,  M.  racemosum,  Paris  quadrifolia,  and  ScHla 
hi/olio.     (Britain  and  U.S.  America.) 

V.  cepnlae  Frost1  (U.S.  America).  Onion-smut.  This 
frequents  the  green  leaves  and  subterranean  scales,  producing 
pustules,  which  break  when  mature  and  allow  the  black  spore- 
powder  to  escape. 

U.  ornithogali  KOrn.  frequents  leaves  of  Ornithogalum  '-umbelUrtum. 

U.  gladioli  (Keq.)  is  found  in  tubers  and  stems  of  Gladiolxa  (Britain). 

TJ.  anemones  (Pers.).  (Britain  and  U.S.  America.)  Anemone- 
smut.  This  may  be  found  in  leaves  or  stems  of  many 
Ranunculaceae :  Anemone  Hepatica,  A.  nemorosa,  A.  raniinculoides, 
Pulsatilla  alpina,  P.  vernalis,  P.  Pennsylvanica,  P.  acutiloba,  P. 
baldensis,  etc. ;  also  on  Atragem  alpina,  Aconitum,  Leucoctonum, 
Aclaea  npicata,  Hellcborus  viridis,  H.  niger,  Ranuiwuliis  Ficaria, 
R.  bulbosus,  R.  repens,  R.  sardous,  PranlhU  hiemalis.  Brefeld 
says  the  spores  germinate  in  water,  after  resting  for  half-a-year. 

■R.  Thftxter.     Report  of  Connecticut  Ayric.  Exptr.  Station  for  1889. 


dbyGoogle 


317 


IT.  Leimbachii  (Oertel.)  causes  globular  swellings  of  the 
stem-base  of  Adonis  aestivalis  at  Jena  (Fig.  173).  Patouillard 
regards  this  species  as  a  form  of  U.  anemones,  differing  somewhat 
on  account  of  its  underground  habitat. 

U.  Boroaporioides  Korn.  (Britain).  On  Pulsatilla  alpina,  Thalic- 
tram  minus,  and   T.  foetidum,  forming  pustules  and  swellings. 


B,  Vfocytlit  Leimhwhi 


i  iiuiiumii  cm  Hellebore,     Spon-pitch 
. ;  ■pecImeD  from  Herr  Schnabl  of  Munlc 
:  (17.  luwiitann),  fining  swelling  at  bote  c 
a  from  Prof.  SUhl  of  Join.) 


0.  violao  (Sow.).  (Britain  and  U.S.  America.)  The  deforma- 
tions induced  by  this  brand  are  not  uncommon  on  Viola 
odorata  in  gardens,  also  on  V.  tricolor,  V.  badensis,  and  V. 
hirta.  Its  presence  is  shown  externally  by  the  marked  thick- 
ening and  malformation  of  leaf- petioles,  runners,  leaves,  and 
fruit-stalks  (Fig.  174).  The  swellings  extend  round  the  whole 
stem,  and  form  pustular  outgrowths  on  the  leaves  ;  the  black 
spore-masses  appear  after  rupture  of  the  epidermis.  The 
flower  may  develop  normally  although  other  organs  are  diseased. 
In  a  case  from  the  garden  of  Prof.  Hartig,  a  flower- bud 
unfolded  prematurely  in  the  autumn,  its  stalk  was  very 
much  deformed,  the  flower  itself  was   somewhat  stunted,   yet 
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the  plant  as  a  whole  did  not  seem  to  be  much  affected.  On 
the  other  hand,  a  case  was  observed  near  Munich  where  a 
large  plot  of  violets  was  completely  killed  out  in  a  few  years 
by  this  fungus. 

The  anatomical  changes  induced  on  Viola  odorata  were 
investigated  by  Wakker1  with  the  following  results :  a  swelling 
of  the  stems,  leaves,  and  flower-stalks  occurred,  often  accom- 
panied by  considerable  twisting  and  rupture  of  the  epidermis ; 
these  changes  were  not  caused  by  any  enlargement  of  cells,  but 


the  cambium  remained  longer  active  in  the  stem,  and  a  secondary 
division  of  rind-parenchyma  or  mesophyll  could  be  observed, 
along  with  a  disappearance  of  intercellular  spaces ;  accessory 
vascular  bundles  were  formed,  but  the  secondary  vessels  remained 
incompletely  developed.  In  short,  new  growth  occurred,  not 
in  the  earlier  stages  of  the  host's  life,  but  in  the  adult. 
Especially  noteworthy  is  the  formation  of  a  small-celled  tissue 
resulting  from  cell-division  in  the  rind-parenchyma  and  the 
mesophyll ;    this    serves   as  a  nutritive  tissue  for  the    fungus, 

'  Wakker,  Pringthtim's  Jahrbveh,  1892. 
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and  is  destroyed  during  spore-formation,  so  that  the  balls  of 
spores  are  found  in  large  cavities  in  the  host-tissue. 

In  the  spore-masses  the  enveloping  companion-cells  are  more 
transparent  than  the  spores  proper.  The  latter  germinate1  easily 
in  water,  and  produce  promycelia  which  grow  towards  the  air. 
On  the  extremities  of  these  Beveral  conidia  arise,  and,  without 
becoming  detached,  proceed  at  once  to  give  off  short  conidio- 
phores  with  terminal  conidia.  As  this  process  is  repeated 
indefinitely,  chains  of  conidia  are  formed.  Fusion  of  conidia 
never  occurs. 

U.  Kmetiana  Magn.  Magnus9  describes  this  as  destroying 
and  filling  with  black  spore-powder  the  ovaries  of  Viola  tricolor 
(var.  arve/uris). 

U.  filipeodula  Fuck,  occurs  particularly  on  petioles  and  leaf-ribs  of 
Spiraea  FiUpendula.     Brefeld  found  the  spores  germinating  after  a  year. 

U.  (!)  italic*  (Sacc.  et  Speg.).    In  seed  of  Cattanea  vetca. 

U.  purpurea  Hazsl.  Ovaries  of  Dianthui  deltoidet  and  D.  prolifera  in 
Hungary. 

U.  (()  comlloidea  Rostr.     In  roots  of  Turritit  glabra  in  Denmark. 

U.  orobancbes  (Ft.),     In  roots  of   OrobancAe. 

U.  (1)  moootropae  (Fr.)     In  roots  and  stems  of  Monotropa  in  Belgium. 

U.  Johanionii  (£■'.  Junci.  Lag-).  In  leaves  of  Juncus  fiUform.ii  in 
Switzerland. 

Tuburcinia. 

Spores  forming  balls  as  in  Urocystis,  but  all  are  equally 
capable  of  germination.  The  spore-aggregations  form  large  or 
small,  slightly  thickened  spots  and  crusts,  which  do  not  cause 
very  marked  deformation  of  the  host.  Germination  results,  as 
in  TUIetia,  in  the  formation  of  a  promycelium  bearing  a  tuft 
of  conidia  at  one  end.  White  conidia  are  also  produced  from 
the  mycelium  on  the  host-plant. 

Tuburcinia  trientalis  (Berk,  et  Br.)3  (Britain  and  U.S. 
America).  Plants  of  Trientalis  europaea  attacked  by  this  fungus 
are  conspicuous  in  early  summer  by  their  swollen  dark-coloured 
stems  and  their  smaller  lighter  leaves,  which  fall  prematurely. 
The  conidia  appear  as  a  white  mould-like   coating  on  the  lower 

'Prillieux,   Butttt.de  la  Soe.  botan.  de  France,  1880;   and  Brefeld  (loc.  eil.), 
Heft  xii. 
•Magnus,  Naturforach.  Ft.  d.  Pror.  Brandenburg,  xxxi. 
'Woronin,  Senekenberg.  tuttnrfortch.   Getell.,   1881.     Plates  I.,  II.,  III. 
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aide  of  the  leaf.  The  black  spore-masses  are  formed  in  the 
rind-parenchyma,  and  sometimes  in  the  pith ;  they  are  set  free 
by  rupture  of  the  epidermis. 

In  autumn  the  symptoms  are  different.  The  plants  appear 
normally  developed,  and  have  no  coating  of  conidia;  dark 
swollen  spots,  however,  appear  on  the  leaves  and  leaf-petioles, 
in  consequence  of  the  massing  of  black  spore-balls  in  the  par- 
enchyma under  the  epidermis. 

The  summer  mycelium  consists  of  colourless  irregularly 
branched  and  slightly  septate  hyphae  occupying  the  intercellular 


Pio.  176.— Tuburelnia    triinlnlit.     Spore 
aaa  germinating ;  several  promycolla  ]mv< 


whorl*  of  to 


unng;  several  promycoua  nave  ceuum  mm  rin-  lid;   it  araea  a  waori  01 

id  and  are  proceeding  to  form  branches,  some  of  which  have  fused  in  pair*; 

neliisj.    (Alter  Woronfn.)  aU  are  do  vol  oping  conidia.    (Alter  Woronin.) 


spaces  of  the  pith  and  rind-parenchyma,  also  the  vessels.  The 
hyphae  apply  themselves  closely  to  the  cell-walls,  and  certain 
short  branched  hyphae  actually  penetrate  into  the  cells.  The 
spore-masses  are  developed  from  delicate  branched  multiseptate 
filaments  of  the  vegetative  mycelium.  They  begin  as  two  or 
three  little  cells  round  which  a  coil  of  hyphae  is  formed ;  the 
central  cells,  increasing  in  number  and  size,  become  a  ball  of 
dark  smooth-coated  spores,  while  the  enveloping  coil  of  hyphae 
disappears. 

The  spores  germinate  during  the  same  autumn,  frequently 
in  the  position  of  their  formation.  A  promycelium  is  first 
formed,  and  on  its  extremity  a  circlet  of  conidia  arises ;  there- 
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after  the  promycelium  becomes  divided  by  cross-septa  in  its 
upper  part,  and  the  conidia  too  are  frequently  divided  by  one 
or  two  septa.  The  two  promycelial  cells  become  detached, 
while  the  conidia  begin  to  fuse  together  by  means  of  out- 
growths near  their  base ;  thereafter  each  conidium  gives 
out  a  secondary  conidium,  into  which  the  plasma-contents 
pass  over.  A  similar  formation  of  secondary  conidia  may  take 
place  without  previous  fusion  of  the  primary  conidia.  The 
conidia  fall  apart,  and  they,  as  well  as  the  upper  promycelial 
cells  thereby  left  isolated,  grow  out  as  hyphae.  It  must  be 
these  hyphae  which  infect  the  rudimentary  shoots  of  Trientalis 
when  they  are  already  partially  formed  for  next  year.  The 
resulting  mycelium  permeates  the  shoots  in  the  following  spring, 
and  branches  of  it  emerge  through  the  stomata,  or  pass  between 
the  epidermal  cells  and  break  the  cuticle,  to  grow  up  either  at 
once  as  conidiophores,  or  to  form  on  the  surface  of  the  leaf  a 
web  from  which  conidiophores  arise.  The  pear-shaped  conidia 
are  attached  by  their  broader  side,  and  easily  fall  off,  leaving 
the  conidiophores  free  to  produce  new  conidia.  The  conidia 
are  capable  of  immediate  germination,  and  may  produce  a 
lateral  germ-tube,  which  grows  directly  upwards,  and  gives  off 
secondary  conidia ;  or  the  conidia  themselves  grow  out  into 
hyphae,  capable,  as  Woronin  proved  experimentally,  of  carrying 
out  infection.  Such  hyphae  penetrate  between  the  walls  of 
adjacent  epidermal  cells,  and  give  rise  to  a  mycelium  which 
spreads  in  a  centrifugal  direction  and  forms  the  spore- 
masses. 

This  same  fungus  has  also  been  found  on  Euphrasia  luiea 
and  Paris  quadrifolia.  On  Euphrasia,  according  to  Winter, 
it  causes  formation  of  large  swellings,  accompanied  by  consider- 
able deformation  of  leaf  and  stem. 

T.  primulicola  (Magn.)  Kiihn.1  (Britain).  This  smut  attacks 
flowers  of  Primula  acaulis,  P.  officinalis,  P.  elatior,  P.  fariiwsa. 
In  cases  described  in  Germany,  the  blooms  were  generally 
attacked  in  the  filaments  or  connective  of  the  stamens,  but  also 
in  the  anthers,  the  ovaries,  pistil,  stigma,  and  sometimes  in  the 
calyx-tube ;  while  the  whole  flower-head  was  more  or  less 
discoloured  by  the  black  spore-dust.     The  mycelium  permeates 

"die  Entwiokelungs- 


db,  Google 


322  USTILAGINEAE. 

the  whole  host  and  hibernates  in  the  root-stock.  The  spores 
are  developed  from  the  ends  of  hyphae  in  the  host-tissue,  and 
are  either  isolated  or  joined  into  packets.  They  germinate 
easily  in  water,  and  produce  either  a  fine  gertn-tube,  or  a 
thick  promycelium  with  four  oblong  conidia  on  its  apex.  The 
conidia  are  easily  detached,  and  either  develop  to  fine  hyphae, 
or  give  off  secondary  conidia.  Germination  on  the  whole  is 
similar  to  that  of  T.  trientalis.  Conidia  may  be  also  produced 
directly  on  the  host-plant ;  these  were  first  described  by  Ktibn, 
who  'named  them  Paipalopsis  frmischiae ;  later,  however,  he 
succeeded  in  infecting  plants  of  Primula  with  the  conidia,  and 
in  proving  their  relationship  to  this  Tuburcinia. 

T.  Gesatii  Sorok.  occurs  on  geraniums  in  RuaBia. 

Here,  according  to  Setchell,  the  following  American  genera  should  be 
placed: 

BnriUia :  B.  puttvlata  on  Sagittaria. 

Cornuella :  C.  lemnae  on  Lemna  polyrkita. 


Doassansia. 

Spore-masses  consisting  of  numerous  spores  capable  of  ger- 
mination, enclosed  in  a  layer  of  sterile  cells.  The  latter  are 
most  conspicuous  in  the  species  frequenting  aquatic  plants,  and 
are  filled  with  air, — Brefeld  regards  them  as  swimming-organs. 
The  spore-masses  lie  in  groups  embedded  in  the  host-plant 
The  species  inhabit  plants  with  an  aquatic  or  moist  habitat, 
and  produce  on  them  leaf-spots  with  black  pustules. 

Fisch 1  investigated  the  life-history  of  Doassansia  saaUtariae. 
He  found  an  intercellular  mycelium  which,  inside  the  stomata, 
formed  sporocarps,  consisting  of  sclerotium-like  coils  of  hyphae 
enclosing  several  cells  which  form  spores.  The  spores  on  germina- 
tion give  rise  to  promycelia,  which  produce  sporidia  in  a  manner 
similar  to  Entyloma.  The  sporidia  easily  germinate  in  water, 
and  can  immediately  infect  young  leaves.  The  germ-tubes 
creep  on  the  surface  of  leaves,  and  attaching  themselves  by 
an  adhesion-disc  over  the  wall  between  two  adjacent  epidermal 
cellB,    they    penetrate    this    wall.     The    hypha,    while   passing 

1 C.  Fiech.,  Ber.  d.  dtattch.  baton.  QettU.,  188*.  p.  405.  Cornu,  AnwU.  d.  set. 
nofttr.  xv.,  1883.  Setchell  (Botanical  QaztMe,  1894)  records  the  American 
specie*  and  comments  on  them. 
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through  the  wall,  remains  thin,  but  on  emerging  into  an  inter- 
cellular space  it  soon  thickens  and  branches  into  a  mycelium. 
Infection  results  in  the  appearance  of  yellow  spots,  due  to 
rapid  destruction  of  the  chlorophyll  and  death  of  cell-contents. 
Experiments  in  germination  have  been  carried  out  by  Setchell 
and  Brefeld.1 

Doassansia  sagittariae  (West.)  (Britain  and  U.S.  America). 
In  leaves  of  Sagiltaria.  The  spores,  according  to  Brefeld, 
germinate  in  water,  after  hibernation.  They  produce  unicellular 
promycelia  with  a  terminal  tuft  of  more  or  less  spindle-shaped 
conidia,  which  at  once  begin  to  sprout  and  fall  ofT.  On  the 
surface  of  a  nutritive  solution  they  continue  to  sprout  yeast- 
like, and  form  close  mouldy  coatings.  {Doassansia  is  the  only 
genus  of  the  Tilletiae  in  which  Brefeld  found  yeast-like  sprout- 
ing of  conidia.) 

D.  alismatis  (Nees)  (Britain  and  U.S.  America).  This 
inhabits  leaves  of  Alisma  Plantago  and  A.  natans,  producing 
knotty  swellings.  The  spores  are  enclosed  in  a  layer  of  com- 
panion-cells containing  air,  whereby  the  masses  swim  on  water. 
On  the  promycelium  the  conidia  arise  from  tufts  of  conidio- 
phores ;  they  fuse  in  pairs,  and  secondary  conidia  are  developed 
from  each  pair  or  even  from  single  conidia. 

D.  Nieaaiii  (de  Toni)  forms  small  spots  on  leaves  of  Bido- 
mus  umbellatus.  The  spores  are  surrounded  by  companion-cells 
containing  air.  They  germinate  before  leaving  the  spore-patch, 
and  produce  conidia,  even  secondary  conidia,  before  rupture  of 
the  host-epidermis  takes  place.  Brefeld  describes  the  spores 
as  germinating  in  water  to  form  a  very  short  promycelium 
with  short  thick  conidia  which  fuse  in  pairs  and  give  off  larger 
secondary  conidia  from  their  apices.  In  nutritive  solution 
conidia  are  developed,  which  give  off  septate  filaments  whence 
further  conidia  arise.     Aerial  conidia  are  ultimately  developed. 

Magnus  found  that  the  spores  of  D.  alismatis,  D.  A'iesslii, 
and  other  species  germinated  at  once  on  reaching  maturity. 
Brefeld,  however,  found  that  this  took  place  only  after  they 
had  lain  over  winter.  It  may  be  that  here,  as  with  aome 
higher  plants  (e.g.  Pinus  Cembra),  there  is  an  immediate 
capability  of  germination,  but  also  a  deferred,  the  latter  requiring 

,  1892.      Brefeld,  SfhimmeipUte,  Heft  xn„ 
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to  be  preceded   by  a  considerable  resting-period,  during  which 
germination  will  not  take  place. 

D.  Martianoffiana  (Tlium.).  In  leaves  of  Potamogetoa  natant  and  /'. 
gramineia. 

D.  occulta  (Hoffni,).     In  fruits  of  species  of  Eolamogtton. 

D.  intermedia  (Setch.).  An  American  species  found  on  leaves  of 
Sagitturia  variabilis. 

D.  comari  (Berk.).     In  leaves  of  Comarum  paluttre  in  Britain. 

D.  limoacllae  (Kunze.).     In  flowers  of  Limotella  aquatitxi. 

D.  hottoniae  (Bostr.).     In  leaves  of  Hottotiia  paluitrit  in  Denmark. 


Thecaphora. 
Spores,  large,  spherical,  and   inseparably  united  into  packets 
of  several  spores.     Germination   results  in   the   formation   of  a 


(After  We 


proinyceliuni  from  the  apex  of  which  a  single  conidium  is 
produced. 

Thecaphora  lathyri  Kiihn.  Spore-balls  formed  in  the  seeds 
of  Lathyrus  pratensis,  and  escaping  as  a  brown  powder  on 
dehiscence  of  the  pods.  The  spores  germinate  in  water  with 
formation  of  a  promycelium  bearing  a  single  apical  conidium, 
which  produces  a  hypha,  but  never  secondary  conidia.  In 
nutritive  solutions  the  spores  produce  a  mycelium  from  which 
conidia  are  continuously  given  off'. 

Th.  hyalina  Fingerh.  (Britain).  This  occurs  in  fruits  of 
species  of  Convolvulus.  Woionin  describes  the  spores  as  having 
germ-pores  through  which  a  septate  germ-tube  is  emitted ;  the 
individual  cells  of  the  germ-tubes  develop  into  hyphae,  without 
formation  of  conidia. 

Th.  aJfinia  Schneid.     In  fruits  of  Attragalvt  gtycyphyUru  (U.S.  America). 

Th.  Trailii  Cooke.     In  flowers  of  Cardwu  heterophylliu  in  Scotland. 
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Th.  Westeodorpit  Fisch.     In  Lolium  perenne  in  Belgium. 
Th.  pimpinellae  Juel.     In  fruits  of  Pimpinella  Saxifraga  i: 
Th.  aurantiaca  Fiiigh.     In  leaves  of  Urtica  dioica. 
Th.  pallcscens   Fingh.     In  leaves  of  Fragaria  collina. 


SoroBporium. 

Spore-formation  takes  place  in  a  mass  of  twisted  gelatinous 
hyphae.  Spores  at  first  embedded  in  a  gelatinous  investment 
and  united  into  packets,  but  later  becoming  separate.  Promy- 
celiimi  filiform  and  septate. 

Sorosporium  saponariae  Eud.  This  causes  deformation  of 
flowers  of  Dianthus  ddtoides,  Saponaria  officinalis,  Silene  inflata, 
and  8.  velutina,  Stellaria  ffolostcitm,  Cerastinm  arvense,  Lychnis 
dioica,  and  Dianthvs  prolifer. 

5.  dianthi  Rabh,  on  Dianthm  prolifer,  is  probably  identical  with  the 
preceding  species. 

We  append  here  as  doubtful  Ustilagineae,  the  genera  Grapkiola 

Schinzia  {Entorrhim),   Tuberculina,  and  Schroeteria. 

Graphiola. 

The  sporocarps  of  this  genus  are  formed  on  the  surface  of 
plant-organs  containing  mycelium ;  they  are  little  spherical 
structures  enclosed  in  a  peridium,  and  contain  filamentous 
septate  hyphae.  The  hyphae  may  be  sterile  or  fertile ;  the 
spores  are  produced  on  lateral  cells  of  the  fertile  hyphae. 
From  the  germinating  spores,  either  a  thread-like  mycelium  or 
spindle-shaped  conidia  arise. 

Graphiola  phoenicis  Fait.1  (Britain.)  This  fungus  is  a 
parasite  on  leaves  of  palms  (e.g.  Phoenix  dactylifera  and 
Chamerops  hnmilis)  in  the  open  in  Italy  and  other  Mediter- 
ranean countries,  in  hot-houses  elsewhere.  The  sporocarps  make 
their  appearance  as  little  black  protuberances  on  both  sides  of 
the  leaf.  The  mycelium  forms  a  close  hyphal  tissue,  which 
encloses  and  kills  parenchymatous  cells,  displaces  the  bundles 
of  sclerenchyma,  and  ruptures  epidermis  and  hypoderm.  De- 
formation is,  however,  localized  to  these  spots. 
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The  sporocarps  consist  of  a  two-layered  peridium,  a  sporogenous 
layer,  and  tufts  of  sterile  hyphae.  The  outer  layer  of  the 
peridium  forms  the  outer  layer  of  the  black  protuberances  on 
the  leaves ;  tbe  inner  layer  is  delicate.  The  sporogenous  hyphae 
originate  from  the  centre  of  the  underlying  hyphal  tissue,  and 
form  a  palisade-like  layer  in  the  bottom  of  the  sporocarp  cavity, 
the  remaining  space  being  filled  with  spores  and  tufts  of  barren 
hyphae.  These  latter  hyphae  rise  amongst  the  sporogenous 
ones,  and  project  as  a  fine  brush-like  tuft  out  of  the  ruptured 
peridium.  The  sporogenous  hyphae  grow  vertically  upwards, 
and  become  septate,  forming  chains  of  loosely  united,  roundish, 
hyaline  cells  or  joints.  The  terminal  joiuts  give  off  several 
spherical  cells  laterally,  and  die  away,  leaving  the  cells  loose 
in  the  sporocarp  cavity.  From  division  of  the  spherical  cells 
yellow  spores  result,  and,  on  rupture  of  the  peridium,  are 
carried  out  on  the  tufts  of  Bterile  hyphae  to  be  scattered  by 
wind.  The  spores  germinate  in  water,  and  produce  either  a 
promycelium  or  conidia. 

Or.  congesta  Berk,  et  Rav.  occurs  on  leaves  of  Chamerops 
Palmetto. 

Schinxia  (Entorrhiza).1 

Spores  produced  on  the  ends  of  lateral  branches  of  a  mycelium 
in  the  cortical  cells  of  the  root  of  the  host-plant.  Germina- 
tion results  in  production  of  a  simple  or  branched  sporophore 
(promycelium),  from  which  kidney-shaped  conidia  (sporidia)  are 
produced. 

Schinzia  cypericola  Magn.  This  causes  deformation  of  the 
roots  of  Cyperus  Jlavescens  (Fig.   179). 

Sch.  Aschersoniana  Magn.  causes  swellings  on  the  roots  of  J  uncut 
S./M.W  [BrlUili]. 

Sch.  Casparyana  Magn.     In  roots  of  Juncui  Tenageia. 

Sch.  digitata  Lager)).     In  roots  of  J  uncut  articulatut. 

Sch.  (Naegelia)  cellulicokt  Naeg.     In  roots  of  Irii  in  Switzerland. 

Sch.  (Entorrhiza)  solani  Faut,2  [This  is  given  as  the  cause  of  a  disease 
on  potato.  The  plants  droop  and  ultimately  rot  at  the  neck,  the  leaves 
become  yellow,  and  neither  flowers  nor  tubers  are  produced.]    (Edit.) 

'P.  Magnus,  at  Botan.  Verein  d.  Prov.  Brandenburg,  1878;  "  Ueber  einige 
Arten  d.  Gattirag  Sekiuda,"  Ber.  d.  lUutKh.  botan.  Oet.,  1888,  p.  100;  C.  Wober, 
Jiotaii.   Ztii-ung,    1884. 

'  Faatrey,  Revue  myeofop.,  1896,  p.   11. 
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Tuberculina. 


Mycelium  parasitic  on  hyphae  and  spore-patches  of  Uredineae. 
Short  rod-like  hyphae  spring  from  the  spore-patches,  and  give 
off  from  their  apices,  globose  conidia,  which  on  germination 
produce  branched  promycelia  bearing  sickle-shaped  conidia. 


Tuberculina  persicina  Ditm.  The  lilac-coloured  spores  are 
found  on  aecidia  of  Peridermium  pini  and  other  aecidial  forms, 
also  on  some  species  of  Caeoma.1     (Britain  and  U.S.  America.) 
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T.  maxima  Rostr.  Occurs  on  rust-patches  on  Weymouth 
pine.     It  has  larger  spores  than  the  preceding  speciea 

Schroeteria.1 

Spores  joined  in  pairs,  rarely  in  threes,  with  their  broad 
faces  together.  They  are  developed  from  single  joints  of  a 
septate  non-gelatinous  mycelium,  particularly  from  short  curled 
lateral  hyphae.  Spherical  conidia  are  produced,  like  those  of 
PenicUlium,  by  intercalary  growth  in  chains  from  the  end  of  a 
eonidiophore  which  is  generally  unbranched. 

Schroeteria  Delastrina  (Tul.)  occurs  in  seeds  of  Veronica 
arvensis,  V.  htderifotia,  V.  triphylla,  and  V.  praecox.  The  spores 
germinate  in  water,  and  produce  conidia  incapable  of  further  de- 
velopment, even  when  transferred  to  a  nutritive  solution.  In  such, 
however,  spore-germination  is  more  vigorous,  and  an  abundant 
mycelium  results,  but  it  seems  to  be  unable  to  produce  conidia. 

Sen.  Oeauaneana  (Boud.).     In  seals  of  Veronica  hederifolia  at  Paris. 


UREDINEAE. 
The  Uredineae  or  Rust-fungi  possess  several  forms  of  spores, 
one  of  which,  the  teleutospore,  is  rarely,  if  ever,  absent  from 
the  life-cycle  of  any  species.  The  teleutospores  consist  of  one, 
two,  or  more  cells  enclosed  in  a  thick  coat  of  dark  colour,  and 
thereby  well  adapted  to  carry  the  fungus  over  winter.  When 
germination  occurs,  each  cell  of  a  teleutospore  gives  off  a  germ- 
tube  through  a  pore  or  thinner  place  in  its  wall,  and  from 
this  a  promycelium3  is  formed,  consisting  as  a  rule  of  four 
cells.  Each  teleutospore  originates  from  a  sporophore  of  its 
own,  and  in  the  course  of  development  two  nuclei,  originally 
present  in  each  cell  of  the  young  teleutospore,  fuse  together. 
When  germination  takes  place,  and  the  promycelium  is  formed, 
the  single  cell-nucleus,  derived  as  above,  divides  into  two,  then 
into  four,  so  that  a  nucleus  is  produced  for  each  of  the  cells 
of  the  promycelium.  From  the  promycelium  four  sterigmata 
are  given  off,  and   each   produces   a  single    sporidium.*     These 

1  Brefetd  regards  the  speciea  as  forms  of  higher  fungi,  not  as  Ustilagineae  (Heft 
xil.,  p.  204). 

l  and   aporidium  are  respectively  a 
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sporidia  on  germination  give  infecting  mycelial  hyphae.  In 
the  case  of  Coleosporium,  the  promycelium  is  formed  inside  the 
teleutoapore  in  a  manner  similar  to  the  Protobasidiomycetes. 

Besides  teleutospores,  there  occur  uredosporea.  These  are 
given  off  from  patches  or  sori  throughout  the  summer  till 
autumn,  when  they  are  followed  by  teleutospores  on  the  same 
sori.  The  uredosporea  somewhat  resemble  the  teleutospores, 
but  generally  consist  of  one  cell  only  with  a  thinner  coat  of 
lighter  colour ;  they  either  germinate  at  once  without  a  resting 
period,  and  give  rise  to  a  germ-tube  capable  of  direct  infection 
of  new  hosts;  or  less  frequently  they  are  resting-spores  for 
a  time. 

A  third  form  of  spore  occurring  in  the  life-history  of  the 
Uredineae  is  the  aecidiospore,  produced  in  a  special  structure, 
the  aecidium.  The  aecidium  is  developed  inside  the  leaves  or 
other  organs  of  the  host-plant,  and  when  mature  ruptures  the 
overlying  epidermis ;  it  has  as  a  basis  a  firm  hyphal  tissue, 
the  upper  surface  of  which  becomes  a  disc  of  short  erect  sporo- 
phores.  From  each  sporophore  there  is  formed  by  intercalary 
growth  a  chain  of  cells  consisting  alternately  of  spores  and 
smaller  intermediate  cells,  which  do  not  become  spores.  The 
youngest  cells  in  an  aecidium  are  those  nest  the  sporophore- 
disc,  and  they  are  forced  outwards  by  intercalation  of  younger 
cells  between  them  and  the  disc  The  cells  so  produced 
become  alternately  intermediate  cells  and  spores ;  the  former 
increase  for  a  time,  then  decrease  and  disappear,  the  spores 
however  continue  to  increase  in  size  as  the  chain  grows  forward 
and  to  take  on  the  characters  of  the  mature  aecidiospore  till 
they  are  finally  shed  from  the  aecidium.  The  production  and 
distribution  of  aecidiospores  may  thus  go  on  continuously  for 
a  considerable  time.  The  sporophores  at  the  periphery  of  the 
disc  do  not  however  produce  spores ;  chains  of  cells  are  also 
produced  from  them  by  intercalary  growth,  but  the  cells  are  of 
equal  size,  and  remain  closely  connected  with  their  neighbours, 
so  as  to  form  a  membranous  covering  over  the  spore-sorus, 
this  is  the  so-called  peridjum,  on  rupture  of  which  the  aecidio- 
Bpores  escape.  In  many  Uredineae  the  peridium  is  suppressed 
(Comma) ;  in  others  (Phragmidium)  it  is  replaced  by  other 
structures,  the  paraphyses.  The  spores  of  the  genus  Endopkyllum. 
are  produced  in  series  in  aecidia  enclosed  by  a  peridium,  but  in 
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germination  they  behave  more  like  typical  teleutospores  than 
aecidiospores. 

Before  the  relationship  of  these  various  forms  of  spores  was 
known,  Aecidium  and  Caeoma  were  regarded  as  independent 
groups,  and  named  as  such ;  even  yet  many  isolated  forms  of 
nredospores,  teleutospores,  and  aecidios pores  are  known,  the 
relationships  of  which  are  quite  obscure. 

The  aecidia  are  always  preceded  or  accompanied  by  a  further 
form  of  spore  produced  in  a  special  structure  of  its  own.  These 
spores  have  hitherto  been  called  spermatia,  and  their  sporocarps 
spermogonia,  on  the  assumption  that  they  were  male  organs. 
Now,  however,  many  of  them  are  known  to  be  capable  of 
germination  in  artificial  nutritive  solutions,  hence  they  are  more 
probably  a  form  of  asexual  bud,  and  better  named  conidia, 
their  sporocarps  pycnidia.  The  pycnidia  are  flask-shaped 
structures  sunk  in  the  tissue  of  the  host,  with  a  pore  or 
mouth  emerging  through  the  host-epidermis ;  they  generally 
occur  in  leaves,  and  occupy  the  upper  epidermis,  the  aecidia 
occurring  on  the  lower.  From  the  mouth  of  the  pycnidium 
there  frequently  emerges  a  tuft  of  fine  filaments,  outgrowths 
from  the  inner  wall  of  the  flask.  The  pycnidia  possess  a  lively 
colour  and  flowery  odour,  hence  it  has  been  suggested  that 
the  conidia  may  be  distributed  by  insects;  but  they  do  not 
appear  to  be  able  to  germinate  in  the  open,  and  infection- 
experiments  with  them  have  never  as  yet  succeeded.  On  this 
account  they  are  regarded  as  degenerate  structures.1 

The  various  forms  of  spores  are  also  distinguishable  by  the 
manner  in  which  they  bring  about  infection.  Teleutospores  on 
germination  produce  sporidia,  which  pierce  the  membranes  of  the 
prospective  host  at  a  spot  where  two  adjoining  cells  are  in 
contact,  and  thus  make  their  way  into  the  intercellular  spaces. 
Uredospores  and  aecidioepores,  however,  first  seek  a  stoma  and 
enter  the  intercellular  spaces  of  the  host  through  it. 

The  following  different  forms  of  Uredineae  exist :  (1)  Those 
which  possess  teleutospores  alone,  e.g.  Chrysomyxa  abietis ;  (2) 
those  with  teleutospores  and  uredospores,  e.g.  Putrinia  pruni 
spinosae ;  (3)  those  with  all  the  forms  of  spores,  e.g.  Pueeinia 
graminis  ;  (4)  those  without  uredospores,  t.g.   Gymnosporangium. 


digitized  by  GOOglC 


The  different  forma  of  spore  may  be  found  on  one  and  the  same 
boat-plant  (autoecious  Uredineae),  or  the  aecidiosporea  and 
pycnidial  conidia  may  frequent  a  different  host  from  the  uredo 
and  teleutospore- forms  (heteroecious  Uredineae).1 

A  mycelium  may  be  produced  from  the  germinating  aecidio- 
spores,  uredoBpores,  or  sporidia.  It  spreads  throughout  the 
intercellular  spaces  of  attacked  organs  and  causes  thickening, 
distortion  of  the  tissues  of  its  host,  or  the  formation  of  "  witches' 
brooms."  Nutriment  is  frequently  obtained  by  means  of  cone- 
shaped  or  button-like  haustoria  in   the  interior  of  host-cells. 

Hibernation  of  rust-fungus  is  most  commonly  attained  through 
the  teleutospores,  the  thick  coats  of  which  make  them  peculiarly 
suited  to  pass  through  a  lengthened  resting-  period.  Some  forms, 
however,  hibernate  by  uredospores,  by  aecidiosporea,  or  by  the 
mycelium  remaining  on  or  in  living  perennating  stems,  twigs,  or 
underground  rootstocka  of  their  host. 

Aecidiospores  on  germination  produce,  as  a  rule,  a  mycelium 
which  gives  rise  to  uredo-  or  teleutospores,  rarely  to  aecidiosporea 
(e.g.  Puecinia  senecionis  and  Uromycea  ervi)?  Uredospores  on 
germination,  produce  a  mycelium  from  which  uredospores  are 
first  given  off',  then  teleutospores.  The  sporidia  of  teleutospores 
give  rise  to  a  mycelium  which  frequently  produces  pycnidia 
and  aecidia.  In  rare  cases,  the  sporidia  of  species,  which  normally 
form  aecidia,  are  said  to  develop  a  uredo-mycelium  (e.g.  Puce, 
gruminis  according  to  Plowright). 

The  Uredineae  are  for  the  most  part  strict  parasites,  and 
exhibit  marked  adaptation  to  their  respective  host-plants.  Several 
of  the  polyxenous  members  frequenting  several  species  of  host- 
plant  have  been  found  to  vary  according  to  their  habitat,  so  that 
one  and  the  same  species  assumes  a  slightly  different  form  on  each 

1  The  phenomenon  of  hetcroecism  was  till  quite  recently  known  only  amongst 
the  Uredineae.  Woronin  and  Nawaschin  have,  however,  recently  pointed  out  that 
it  exists  in  Scttrotinia  ltdi,  one  of  the  Ascomycetea  (p.  277).  The  conidia  of 
thin  species  are  produced  only  on  VaceiniNnt  tdightonan,  the  apothecin  only  on 
Ledum,  and  alternate  with  each  other,  bo  that  the  Ledum  can  be  infected  only 
by  germinating  conidia,  the   Vaccinium  by  germinating  ascospores. 

'Dietel  {iVatur/orack.  Vertin  in  Vienna,  1S94)  pointed  out  further  cases  of 
thia  kind,  in  which  aecidia  were  produced  the  summer  through,  and  no 
uredospores,  while  in  autumn  teleutospores  were  formed.  He  has  more  recently 
stated  the  general  conclusion  {Flora,  1895,  p.  394);  that  with  these  species  of 
Uromyctx  and  Puecinia,  which  produce  aecidia  and  teleutospores,  but  no  uredo- 
spores, the  aecidiospores  are  capable  of  reproducing  aecidia  when  no  perennating 
mycelium  is  present.  Similarly  with  those  few  species  which  produce  a  very 
small   number  of  nredospores. 
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host-species.  I  have  previously  shown,1  with  regard  to  the 
mistletoe  (Viscum  album),  that  the  different  forms  on  Finns, 
Abies,  and  various  broad-leaved  trees,  which  some  authors  regard 
as  distinct  species,  might  equally  well  be  regarded  as  forms  of 
one  species  differing  slightly  on  account  of  their  different 
substrata.  Magnus 2  designates  as  "  habitat-races  "  these  forms 
of  heteroecious  Uredineae  whose  aecidial  generation  has  become 
adapted  in  some  varying  degree  to  each  of  their  respective 
species  of  host-plant.  Thus  the  various  forms  of  Aecidium 
convallariae,  on  its  different  host-plants,  he  regards  as  forms  of  one 
and  the  same  fungus,  the  Puecinia  of  which  occurs  on  Phalaris 
arundinacea. 

The  manner  in  which  such  adaptations  originate  is  indicated 
by  my  experiments  with  Gynrnosporanyiwm,.  Thus  67.  clavariae- 
forme  can  infect  leaves  of  Crataegus  and  produce  aecidia 
without  failure ;  whereas  the  same  infection  carried  out  on 
Sorbus  and  Cydonia  results  in  incomplete  development  of  aecidia 
(see  Table,  p.  385).  In  this  way  there  might  easily  be  pro- 
duced one  form  which  infected  Crataegus,  and  another  confined 
to  Cydonia.  The  same  thing  occurs  with  the  various  Peridermia 
of  pine-needles;  these,  according  to  the  investigations  of 
Klebahn,  are  caused  by  one  or  other  species  of  Coleosporium 
from  very  different  species  of  host-plant.3 

The  best  examples  of  all,  however,  are  presented  by  the 
cereal-rusts,  as  demonstrated  by  Eriksson.  This  investigator 
believes  that  the  forms  distinguished  by  him  as  "  specialized 
forms "  (by  Kostrup  as  "  biological  species  or  varieties ")  are 
of  common  origin.  In  course  of  time  these  have  taken  on 
different  biological  characteristics  in  adapting  themselves  to 
the  varied  nature  of  their  substrata,  their  various  host^plants, 
so  that  in  many  cases  they  can  no  longer  suit  themselves 
to  the  host-plant  of  the  original  parental  form.  In  fact,  species 
were  found  with  aecidia  of  similar  shape  when  occurring  on 
the  same  host-plant,  yet  completely  specialized  from  the  aecidia 
on  another  host  They  thus  present  a  stage  intermediate  to 
that  of  the  "  habitat-Taces "  just  mentioned. 

'v.  Tubeuf,  Botan.  Oenlrnlblalt,  XL.,  1889,  p.  312. 
'  ffedwigia,  1894,  p.  77,  and  1895. 

3Klebahn's  views  on  this  subject,  along  with  further  investigations  on  other 
fungi,  will  be  found  in  ZtiUchriJt  f.  Pflatuenicrankhtittn,  1895,  p.   153. 
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The  european  Uredineae  comprise  the  following  families  and 
genera :     Puccinieae    ( Uromyces    and    Puccinia) ;    Phragmidieae 

(Triphragmium  and  Phragmidium) ;  Melampsoreae  (Mdampsora, 
Melampsorella,  Calyptospora,  Coleosporium,  Chrysomyxa,  and  Cron- 
ariium) ;  Gymnosporangieae  (Gymnosporangium) ;  Endophylleae 
(Endopkyltum) ;    also  the  genus    Uredinopsis  on  Ferns. 

Uromyces. 

Teleutospores  unicellular  and  produced  in  flattened  sori. 
Only  one  teleutospore  is  abjointed  from  each  sporophore. 
Teleutospores  with  a  single  germ-pore.  Uredospores,  aecidia, 
and   pycnidia  are  not  present  in  every  species. 

(1)  All  forms  of  spore  present  on  the  same  host-plant  : 

Uromyces  ervi  (Wallr.)  (Britain).1  Vetch-rust.  The  aecidia 
are  produced  on  Vicia  hirsuta  in  May  and  throughout  the 
summer.  Scattered  amongst  the  aecidia  are  the  sori  from 
which  uredospores  are  sparingly  given  off  in  early  summer ; 
the  teleutospores  are  given  off  abundantly  from  the  same 
sori  from  July  onwards.  The  aecidiospores  germinate  on  the 
vetch  plants,  and  produce  therein  a  mycelium  from  which  the 
aecidia  and  teleutospores  arise.  Infection  by  means  of  sporidia, 
derived  from  the  teleutospores,  results  in  the  production  of  a 
mycelium  which  bears  aecidia  only.  Pycnidia  (spermogonia) 
are  absent  in  this  species  and  also  in  17.  fabae. 

U.  fabae  (Pere.),  [U.  oroU  (Pera.)]  (Britain  and  U.S.  America). 
This  occurs  on  species  of  Vicia  and  Lathyrus.  Sori  are  formed 
abundantly  and  give  off  both  uredospores  and  teleutospores— 
the  latter  being  smooth-coated.  No  pycnidia  have  as  yet  been 
observed. 

TJ.  trifolii  (Hedw.).  Clover-rust.  Parasitic  on  various  species 
of  clover.  Uredo-  and  teleutospores  are  generally  produced ; 
aecidia  have  been  found  only  on  Trifolium  repens  (Germany  and 
Britain),  T.  incarnatum  (Italy),  T.  praiense  (Denmark,  Britain, 
and  America).  On  Trifolium  repens  both  teleutospore  and 
aecidium  generations  cause  swelling  and  distortion  of  leaf-ribs 
and  petioles,  the  deformation  being  most  marked  where  the 
mycelium  has  hibernated  and  produced  teleutospores  in  spring. 

1  The  chief  authorities  used  for  the  occurrence  of  the  Uredineae  in  Britain 
and  North  America  are  Plowright  (Brtiith  Uredintae,  1889),  and  Farlow  and 
Seymour  [Hort-Indcx  for  U.S.  America,  1891).     (Edit) 
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TJ.  appendiculatns  (Pers.),  IV.  phaseoli  (Pers.)].  On  species 
of  Phaeeolus.     (Britain  and  U.S.  America.)1 

U.  primula©  Lev.     On  Primula  kirsnta. 

U.  limonii  (D.  C).  On  Armeria  and  Statice.  (Britain  and 
U.S.  America.) 

U.  polygoni  (Pers.).  On  Polygonum,  and  Rtimex.  (Britain 
and   U.S.  America.) 

XJ.  acetosae  Schroet.     On  Rumex. 

U.  flilenea  (Schlecht.).     On  Silene  and  Dianthus. 

D.  euphorbiae  (Schwein.).  On  Euphorbia  Presiii  in  Italy, 
and  some  other  species  in  America.1 

V.  jjeranii  (D.  C.).  On  Geraniums.   (Britain  and  U.S.  America.) 

V.  betae  (Pers.).  On  Mangel  Wurzel  and  Beta.  (Britain 
and   U.S.  America.) 

IT.  parnassiae  (D.  C.J.     (Britain.) 

U.  salicorniae  (IX  0.).  (Britain.) 

TJ.  Valerianae  (Schum.).     On  Valeriana  dioica  (Britain). 

(2)  Pycnidia  (spermogonia)  and  aecidia produced  on  one  host;  the 
related  uredo-  and  teleutospores  on  another  host  : 

Uromyces  pisi  (Pers.)  (Britain)  Pea-rust.  The  uredospores 
and  teleutospores  are  developed  in  various  species  of  Pi&im, 
Lathyrus,  and  Vicia.  The  teleutospores  are  finely  punctured. 
The  aecidia  appear  on  the  under  surface  of  the  leaf  of  Euphorbia. 
Cj/paHssias,  and  are  preceded  by  pyenidia. 

Attacked  plants  of  Euphorbia  become  completely  changed  in 
their  appearance.  The  stems  are  much  elongated,  and  as  a 
rule  remain  unbranched.  Flowers  are  seldom  or  never  produced  ; 
if  so,  they  are  permeated  by  mycelium  and  deformed.  The 
leaves  are  short,  thick,  and  rounded-off;  they  have  a  pale-green 
colour,  and  are  distant  from  each  other  on  the  shoot.  Their 
internal  structure  is  also  considerably  modified.  Wakker  states 
that  the  cells  of  the  mesophyll  become  enlarged,  while  no 
collenchyma  is  developed  in  the  ribs.  Fentzling8  gives  the 
following  changes :  the  epidermal  cells  become  broader ;  stomata 
are  more  numerous  on  the  upper  surface  of  the  leaf,  and  fewer 
on    the    lower;    the    laticiferous    tubes    below    the    upper    leaf- 

1  Description,  illustration,  and  treatment  in   -V.   York  Agric.  Kxper.  Station. 
IM.L,  48,  1892. 
'Magnus,  Berichtt  d.  datttch.   bolan.   Oes.,    1893. 
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epidermis  are  reduced  in  number ;  intercellular  spaces  are  formed 
in  the  normally  compact  palisade  parenchyma,  and  its  cells 
become  shorter  and  broader,  while  those  of  the  spongy  paren- 
chyma are  increased  both  in  size  and  number ;  the  fibro-vascular 
bundles  remain  unchanged,  although  the  cells  surrounding  them 
may  be  more  or  less  abnormal.  Where  thickening  of  the  stem 
takes  place,  it  is  chiefly  due  to  multiplication  of  the  cells  of 


CyparUiiat,  with  ft  much-fLougHtsd,  tion-ftu 
rust    (v.  Tnbeuf  pbot) 

cortex  and  pith,  while  at  the  same  time  those  of  the  cortical 
parenchyma  become  somewhat  enlarged  and  altered  in  shape ; 
the  woody  portion  is  less  developed  than  normally ;  and 
laticiferous  tubes  are  neither  so  large  nor  so  conspicuous  as 
usual. 

The  aecidia  of  this  species  are  found  only  ou  the  lower 
surface  of  the  leaf;  they  are  saucer-shaped,  and  have  a  broad 
lobed  white  margin. 
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As  a  preventive  measure,  it  would  be  advisable  to  keep 
down  spurge-plants  near  fields  or  gardens  where  peas  are  likely 
to  be  attacked. 

V.  atriatus  Schroet.  (U.  S.  America).  Uredo-  and  teleutospores 
on  species  of  Lotus,  Medicago,  Trifolium,  and  sometimes  Vicia. 
Pycnidia  and  aecidia  are  produced  on  Euphorbia  Cyparissias ; 
the  mycelium  induces  changes  in  the  tissues  similar  to  the 
preceding  species,  but  the  Euphorbia  remains  stunted  instead 
of  elongating  as  in  attacks  of   U.  pisi. 

TJ.  dactylidis  Otth.  Uredo-  and  teleutospores  on  species  of 
Poa,  Dactylis,  Avena,  and  Brachypodium.  Aecidia  on  several 
species  of  Ranunculus  (not  on  B.  Ficaria).  (Britain  and  U.S. 
America.) 

TJ.  poae  Rabh.  Uredo-  and  teleutospores  on  Poa ;  Aecidia 
on  Ranunculus  Ficaria,  B.  bulbosus,  and  B.  repens.  (Britain). 

TJ.  lineolatoj  Desm.  (U.  maritimus  Plowr.).1  Uredo-  and 
teleutospores  on  Scirpus  maritimus.  Aecidial  forms  =  Aecidium 
sii  lati/olii  on  .  Sium  and  Aec.  hippuridis  on  Hippuris,  also  a 
form  on   Giaux  maritima  in  Britain. 

IT.  junci  Desm.  Uredo-  and  teleutospores  on  species  of  Juneus. 
Aecidia  on  Pulicaria.     (Britain  and  U.S.  America.) 

(3)  Only  uredosporcs  untl  teleutospores  known;  they  frequent 
the  same  host. 

UromyceH  cajyophyllin.ua  (Schrank.)*  Carnation  Rust.  [This 
attacks  carnations  at  all  stages  of  growth.  The  mycelium  extends 
inside  the  plant  and  forms  spore  patches  which  rupture  the 
epidermis.  Uredospores  are  produced  first,  then  the  teleuto- 
spores ;  the  former  germinate  at  once,  the  latter  only  after  a 
resting-period.  The  use  of  sprays  of  potassium  sulphide  or 
copper  sulphate,  and  the  cultivation  of  hardy  varieties  have  been 
recommended.]     (Edit)    , 

Uromyces  scutellatus  (Schrank.).  On  species  of  Euphorbia. 
The  mycelium  is  perennial  in  the  root-stock  and  permeates  the 
whole  plant.  Teleutospores  developed  in  dark-brown  Bpots  on 
the  under  surface  of  leaves.  Diseased  stems  are  generally  un- 
branched,  and  carry  only  small  leaves  and  no  flowers. 

1  Plowright,  Gardener's  Chronicle,  1890. 

'HaUted,  A'.  Jersey  Agrie.  Coll.  Exper.  Station  Report,  1891.  Atkinson, 
"Carnation  Diseases,"  American  Carnation  Soc. ;  with  Illuatrations.  N.  York 
Agrie.  Exper.  Station  Bvilitin,   1696. 
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U.  tuberculatus  Fuck.     On  Euphorbia  exigua. 

U.  pibeminens  Duby.     On  species  of  Eupltorbia. 

U.  sparsus  (Kunze  et  Sehm.).     On  Spergidaria,  and  Sttllaria  (Britain). 

U.  Schroeteri  De  Toiii.     On  Lycknii  and  Silent. 

U.  cristatui  Schroet.  et  NiesaL     On    VitcaHa  and  Diatotkiu, 

U.  ficariae  (Schum.).  On  Ranuneulu*  Ficaria  (Britain  and  U.S. 
America). 

U.  astragali  (Opiz).     On  Astragalus  (U.S.  America). 

U.  genista*  (Pera).  On  Oenieta,  GytitHt,  Colutea,  Oalega,  Garagoma, 
Onybrychis,  etc 

U.  anthyllidia  (Grev.).     On  Antkyllii  and  Lupinvs  (Britain). 

U.  lupini  Sacc.     On   Lupinut  (U.S.  America). 

U.  trig'onellae  Pat.    On  leaves  of  Trigonella  Foemtm-graecum  in  France. 

U.  glycyrrhizae  Rabh.     On  G'lyeyrrhiza. 

U.  cacaliae  (D.  C).     On  Adenocytes  and  Cacalia, 

U.  rumicis  (Schum.).     On  Rimex  (Britain). 

U.  alpimis  (Schroet.).  On  Rumex  alpinu*.  Magnus'  has  recently  sep- 
arated this  as  the  single  species  of  a  new  genus  Schroeteriaster,  allied  to 
Uromyccs  and  Puccinia.  The  uredosporea  arise  from  patches  of  sterigmata 
without  peridia  or  paraphyses  ;  they  are  unicellular  and  have  lateral 
germ-pores.  The  teleutospores  are  also  unicellular,  and  form  lentil-shaped 
patches  composed  of  five  or  more  layers  of  spores ;  the  spores  hare  a 
somewhat  thickened  apex,  but  no  distinct  germ-pore. 

U.  chenopodii  (Duby).     On  Ghenopodium,  and  Schoberia. 

U.  terebinth!  (D.  C).     On  PUtacia  and  Rktu  (U.S.  America). 

U.  breripea  (B.  et  R.).    On  Rhun  Toxicodendron  in  America. 

(J.  ambiguus  (D.  C).     On  Allium  Scorodopramim. 

U.  acutatus  (Fuck.).    On  Allium. 

U.  veratri.  (D.  C).    On   Veratrum. 

V.  alchemillae  (Pers.)  (Britain).  This  is  a  species  which 
in  habit  resembles  a  Phragmidium,  and  is  sometimes  regarded 
as  a  representative  of  a  separate  genua — Trachyspora  (Fuck.). 
It  forma  patches  of  reddish-yellow  uredospores  or  brown  teleuto- 
spores  on  the  lower  surface  of  leaves  of  Alckemilla  vulgaris. 
Aecidia  are  unknown. 

(4)  Pycnidia,  aecidia,  and  teleutospores  on  the  same  host-plant ; 
uredospores  unknown. 

Urorayces  excavattm  (1).  C.)  Magn.  On  Euphorbia  Qer- 
ardiana,  E.  verrucosa,  etc. 


■  (D.  C).    On  Silent.    (Britain.) 
U.  lapponicus  Lagerb.     On  Astragalus  in  Norway  and  the  Alps  ;  aecidia 
only  in  the  latter  locality. 

'Berichle  d.  deutseh,  botan.  Ots.,   1896,  p.  130. 
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U.  miliar  Schroet.     On   Trifolium  monuutum  (U.S.  America). 
II.  hedjsari-obstiiri  (D.  G),    On  Hedytarum  in  Europe  Mid  America, 
II.  acropbnlariae  (I).  C).     On  Serophularia  and    Verbatim  (Britain). 
U.  erythronii  (D.  C.\     On   Li/mm,  Muteari,  Settle,  Allium,  Fritillaria, 
(U.S.  America). 

{5)  Teleutospores  alone  knmnt ;  after  death  of  the  host  they 
undergo  a  resting-period,  then  germinate; 

U.  solidaginia  (Somm.)     On  Solidago  rirgaurea. 

U.  phytenmatnm  (D.  C.\  On  1'kyteuma,  accompanied  by  elongation  of 
tbe  leaf-stalk. 

U.  aaUaram  (Grev.).    On  Seilla  and  Mvteari.    (Britain.) 

U.  ornithogali  Lev.     On  Omithogalum  and  Gagea.     (Britain.) 

U.  colchid  Maasee.     On  Cotrhieun  tpeetabttis  at  Kew.1 

(6)  Televtospores  alone  J&UWH ;  germinating  at  once  on  the 
living  host  : 

U.  pallidns  NiessL     On  Cytutu. 

(7)  Only  televtospwcs  and  pyenidia  known ;  present  on  the  same 
hod: 

Uromyces  Tepperianus  Sacc*  This  causes  on  twigs  a&d 
branches  of  Acacia  n  deformation  consisting  in  an  all-round 
swelling  followed  by  rupture  of  the  periderm  and  the  develop- 
ment of  brown  teleutospore  patches  on  the  exposed  wood.  Tepper 
found  in  South  Australia  shrubs  of  Acacia  salicinia  and  A. 
myrtifolia  attacked  and  killed ;  the  former,  near  Adelaide,  being 
almost  exterminated.  He  also  found  it  prevalent  on  Acacia 
spinescens,  A.  halioides,  and  A.  myrtifolia  in  another  part  of 
Australia  (Murray  Bridge). 

Tbe  same  fungus  was  found  by  Warburg  on  Albizzia  moniana 
in  Java,  likewise  by  Solms-Laubach  and  Stahl  (Fig.   181). 

Magnus  *  found  that  Warburg's  specimens  showed  the  rupture 
of  the  rind  only  on  one  side,  those  of  Stahl,  however,  agreed 
with  the  Australian  specimens.  On  investigation  of  the  galls, 
Magnus  found  a  multiseptate  and  intercellular  mycelium  with 
numerous  and    somewhat    branched    haustoria.      The   formation 

1  Grevillta  mi.,  1892,  p.  6. 

(Ludwig,  "Eine  neue  Roatkraokheit  austral ischer  Akazieo,''  CtatralUatt  /, 
Baittr  a.  Paranltnkwide,  1S90,  p.  S3;  further:  /Techc-wio,  1389,  and  Font- 
lichHatuncis*.  Ztiltrhrifl,   1894. 

'Magnus,  Ber.  d.  dtnt*th.  baton.  GtatU.,  1892,  p.  195;  Henninga,  Fungi 
'     '        '  ni,  H-rdxeigia,   1893. 
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of  pycnidia  precedes  that  of  teleutospores.  The  latter  have 
a  flattened  concave  base  and  rounded  apex ;  their  episporium 
is  marked  with  delicate  ribs  running  from  apex  to  base 


Fio.  181, — Uromv&t  Tipptriannt  ou  twign  of  Atbtizia  montana  brought  by 
Prof,  Stabl  from  Juia.     (v.  Tubeuf  phot.) 

Pnccinia. 

Teleutospores  two-celled,  and  each  abjointed  from  its  own 
sporophore  from  large  distinct  son.  Each  cell  has  as  a  rule 
only  one  germ-pore.  Uredospores,  teleutospores,  and  pycnidia 
(spermogonia)  are  not  known  in  all  the  species. 

(1)  Pycnidia,  aecidia,  uredospores,  and  teleutospores  develop  on  the 
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living  host.  The  latter,  however,  germinate  only  on  death  of  the 
host  and  after  a  resting-period  (Eu-puccinia,  Sckroeter). 

(a)  Auteupuccinia  :  all  forms  of  spore  are  present  on  the  same 
host -plant, 

Puccinia  helianthi.  Schwein.  Sunflower-rust.  This  danger- 
ous enemy  of  ffelianthus  was  first  observed  in  South  Carolina 
and  Pennsylvania,  U.S.  America.  In  Europe  it  appeared  first 
to  a  serious  extent  in  Russia,  where  the  sunflower  is  cultivated 
on  a  large  scale ;  now  it  has  a  very  general  distribution.  In 
America  it  attacks  both  sunflower  (R.  annum)  and  Jerusalem 
artichoke  (H.  titberosus),  but  its  presence  on  the  latter  is  as 
yet  doubtful  in  Europe.  The  mycelium  appears  first  in  the 
lower  parts  of  the  plant  and  thence  extends  upwards ;  its 
presence  is  indicated  by  large  brown  leaf-spots,  on  which  the 
uredo -patches  arise  about  the  end  of  -Time.  The  teleutospores 
make  their  appearance  in  autumn  ;  the  aecidia  and  pyenidia  in 
spring  (Arc.  helianthi  Wor.).  Combative  measures  consist  in 
burning,  or  otherwise  destroying,  all  sunflower  debris  in  autumn. 

P.  Cirsii  Schroet,     On   Carduus  lanceolata.     (Britain.) 

P.  prenanthis  (Pers.).  On  Prenanthes,  Lactvca,  and  Mulgr- 
dium.     (Britain  and  U.S.  America.) 

P.  lampaanae  (Schultz).     On  Lampsana.      (Britain.) 

P.  montana  Fuck.     On  Centaurra. 

P.  violae  (Schum.).  (Britain  and  U.S.  America.)  The  Violet- 
rust.  This  parasite  appears  on  both  wild  and  cultivated  species 
of  Viola,  and  frequently  causes  much  damage.  Malformation 
and  stunting  of  the  host  may  accompany  the  formation  of 
aecidia.  Fentzling  investigated  the  swollen  outgrowths  produced 
on  the  lower  surface  of  the  violet  leaves,  and  found  an  increase 
in  all  forms,  of  the  leaf-parenchyma ;  the  spongy  parenchyma 
included  more  cells,  while  both  spongy  and  palisade  parenchyma 
consisted  of  rounder  cells  more  closely  packed  together  than  in 
the  normal. 

P.  aegra  Grove.  On  Viola  eornuta,  etc.,  and  somewhat 
different  from  the  last  species.      (Britain.) 

P.  mirabilissima  Peck.     On  Eerberis  repens  in  America, 

P.  ailenes  Schroet.     On  Silene  and  Lychnis.      (Britain.) 

P.  pimpinellae  (Strauss).  On  Pimpinella,  Chaerophyllum, 
Anthriscus,  Myrrhis,  Athamantha,  Ostericum,  Angelica,  Heracleum, 
Eryngium,  etc.     (Britain  and  U.S.   America.) 
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P.  aaniculae  Grev.  On  Sanicula  europaea.  (Britain  and 
U.S.  America.) 

P.  soldanellae  (D.C.).  (Britain.)  On  various  species  of 
Soldanella.  This  disease  is  often  very  common  in  the  mountains, 
and  is  conspicuous  because  it  attacks  only  leaves  here  and  there 
on  a  plant.  The  leaves  are  yellowish  with  petioles  distinctly 
elongated  ;  their  laminae,  which  bear  accidia  on  the  lower  side, 
are  smaller  and  somewhat  cup-shaped.  Diseased  plants  do  not 
seem  to  bloom. 

P.  menthae  (I'ers.).  (Britain  and  U.S.  America.)  This  is 
a  most  destructive  rust  to  all  kinds  of  cultivated  mint.  It 
attacks  species  of  many  genera  of  Labiatae. 

P.  calthae  Link  and  P.  Zopfii  Wink  On  Caltha  palustrin 
in   Europe  and  North  America. 

P.  epilobii-tetragoni  (D.C.)  (P.  pidvc-mlcnta  Grev.).  On 
Epilobinm.     (Britain   and    U.S.   America.) 

P.  Peckiana  Howe  [P.  inter&titialii  (Schlecht.)].  This  species 
occurs  on  several  species  of  Bubut  in  America,  and  causes  con- 
siderable damage  in  blackberry  culture.1 

P.  gentianae  (Strausa).     On  Gentian.    (Britain  and  U.S.  America.) 

P.  galii  (Pers.).  Oh  Galium  and  Atptnda  (Woodruff).  The  teleutoBpore* 
hibernate  on  tiie  tlea.il  stems.     (Britain  and  U.S.  Ameiica.) 

P.  coo  vol  villi  (PerA).     On  Convolvulus.    (Britain  and  U.S.  America.) 

P.  prirauUe  (D.  (J.).    On  species  of  Primula.    (Britain.) 

P.  obtnsa  Schroet.     On  Salvia  verticiUata. 

P.  theait  (Deav.).    On  TherivM.    (Britain  and  U.S.  America.) 

P.  albescens  (<irev.).     On  Ado.va  Motehatetliita.     (Britain.) 

P.  aristolochiae  (I).  0.).    On  Aristalochia. 

P.  aspaingi  (D.  C).  (Britain  and  U.S.  America.)  Asparagus- rust  The 
tele ii tempore*  hibernate  in  dry  remains  oF  the  plants,  which  should  therefore 
be  burnt  in  autumn. 

P.  porri  (Sow.)  Onion-mat.  On  both  wild  and  cultivated  Allium. 
Sometimes  very  destructive  to  chives  (.1.  Khoeaopramm).    (Britain.) 

(b)  Hctciritpttccinut.  Urcdogporrs  and  teleutospores  developed 
tin   a   kiist  other   than   that   of  tkr  pyenidia   and   aeridia. 

Puccinia  gramiiiis  Vers.  (Britain  and  U.S.  America).  Black- 
rust  or  summer-rust.4  Uredosporea  and  teleutospores  occur  on 
various  species  of  Gramineae,  the  pyenidia  and  aecidia  on 
species  of  Berbcris  or  Muhonia. 

1  Clinton  in  Report  of  Agricultural  Station  of  University  of  Illinois,  1893. 

]A    valuable  monograph   on   the  rusts  of   cereals   has   been    published    by 

Eriksson  aud  Henning  [Die  Getrtideroste,  Stockholm,  1896). 
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The  two-celled  teleutospores  arise  from  cushions  or  sori 
which  form  black  lines  on  the  haulms  and  leaves  of  grasses ; 
they  hibernate  on  the  decayed  remains  and  germinate  in  spring. 
Each  cell  of  a  germinating  teleutospore 
gives  off  a  four-celled  basidium  (promy- 
celium),  with  four  short  sterigmata  from 
each  of  which  a  baeidiospore  (sporidium) 
is  abjointed  (Fig.  182).  The  sporidia  are 
carried  off  the  grass-host  and  germinate  at 
once  if  they  alight  on  leaves  or  flowers  of 
Berbervt  or  Mahonia  (Fig.  183).  Germ- 
tubes  are  formed  which  penetrate  the  outer 
walls  of  the  host  into  the  epidermal  cells. 
The  mycelium  which  results  is  a  branched 
septate  one,  and  spreads  through  the  inter- 
cellular spaces  of  the  leaf.  About  eight 
days  after  infection,  little  yellow  spots  make 
their  appearance  on  the  upper  surface  of 
the  leaf.  Embedded  in  the  spots  will  be 
found  the  pycnidia  (spermogonia),  spherical 
flask-shaped  enclosures  developed  on  a  web 
of  hyphae,  and  with  their  inner  walls  clad 
with  short  rod-shaped  couidiophores  (sterig- 
mata), each  of  which  gives  off  a  tiny  coni- 
dium  (spermatium)  (Fig.  184),  A  tuft  of 
periphyses  arising  from  the  upper  part  of 
the  pycnidium  wall  carries  the  conidia  out 
of  the  pycnidia  in  drops  of  a  honey-like 
fluid  emitting  a  characteristic  odour.  In 
regard  to  the  function  of  these  conidia 
nothing  definite  is  known. 

The  next  stage  begins  with  the  appear- 
fio.  ms.— hieonio  imiw-  ance  of  yellow  spots  on  the  lower  epidermis 
of  leaves.  These  indicate  the  presence  of 
■"qT^wmS  a  mycelium  .from'  which  the  aecidia  take 
abiuDction.  (AftorTuiMne!)  their  origin.  The  aecidia  are  at  first  en- 
closed in  a  one-layered  peridium  under 
the  leaf-epidermis,  till  by  their  increasing  size  they  rupture  both 
coverings,  and  project  above  the  surface  as  cups  containing 
spores    (Fig.    184).     The    aecidiospores   originate  in  a  layer  of 
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hyphae  forming  the  bottom  of  the  aecidium-cup.  These  hyphae 
give  riae  to  numerous  short  sporophores,  from  each  of  which 
a  single  long  chain  of  spores  Is  abjointed  in  basipetal  succession, 
the  spores  being  at  first  separated  by  temporary  intermediate 
cells.  The  sporophores  round  the  margin  of  each  aecidium  do 
not,  however,  give  off  spores ;  they  also  produce  chains  of 
cells  basipetally,  but  these  grow  larger  and,  without  the  inter- 
vention of  intermediate  cells,  remain  sterile  and  become  joined 


Fig,  183.— Pvceitiia  ora«Jn<(  (Ateidium  Itrttridii)  un  Btrbtrii  eonmunit.  The 
lowest  lee/ Uld  two  others  nre  seta  ontho  upper  surface,  and  show  red  (pots  with 
Ihftit  margins,  In  which  the  pycnLdla  are  embedded.  The  other  leaves  show  the 
under  surface  with  patches  of  ascldls.    (v.  Tubeuf  del.  I 

to  their  neighbours  to  form  the  peridium.  Diseased  portions 
of  leaves  become  considerably  thickened.  The  cells  of  the 
single  layer  of  palisade  parenchyma  are  abnormally  elongated, 
and  the  intercellular  spaces  of  the  spongy  parenchyma,  inBtead 
of  being  large,  are  small  and  filled  with  mycelium.  The  aecidio- 
spores  escape  in  July  to  germinate  on  Gramineae.  The  germ- 
tube  enters  the  host  by  the  stomata  only,  and  develops  into 
an  intercellular  mycelium ;  this  in  about  eight  days  produces 
uredospores  from  cushions  or  sori  which  form  lines,  and  break 
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through  the  epidermis.  The  yellow  uredospores  are  abjointed 
singly  from  long  sporophores ;  they  arc  unicellular  and  ovoid,  with 
a  thin  granular  coat  beset  with  germ-pores  (Fig.  1 84).  The  uredo- 
spores are  easily  conveyed  to  other  grass-plants  and  germinate  at 
once,  their  germ-tubes  entering  by  a  stoma  and  developing  into 
a  mycelium,  which  can  produce  a  new  crop  of  uredospores  in  a 


at  Bertoerw 


a  perldkum  exposed  m  surface-view  only. 

II.  Mature  lalmitoepure-pnWh  breaking  through  the  epldermie,  t,  from  the 

III.  'Teloutonpo™,  i,  and  uredusporeli.  i<r.     The  teloutospore  has  a  germ-pore 


few  days.  The  uredospores  are  summer-spores,  and  spread  the 
fungus  during  the  vegetative  period  of  the  host-plant ;  they  may, 
however,  hibernate.  The  teleutospores  are  more  suited  for 
hibernation ;  they  are  produced  in  autumn  from  dark  brown 
linear  sori,  distinguished  from  these  of  the  uredospores  by  their 
darker  colour  and  greater  length.  The  teleutospores  are  two-celled 
and  obovoid  with  smooth  thick  walls  (Fig.  184);  they  are,  like 
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the  uredospores,  developed  from  long  sporophores,  und  are  in 
this  way  distinguished  from  those  of  Puce,  rubigo-vera,  which 
are  very  short.  The  teleutosporea  germinate  in  spring  after 
hibernation,  each  cell  giving  off  a  single  germ-tube. 

Both  uredospores  and  teleutospores  are  injurious  to  our 
cereals, — wheat,  oats,  and  rye.  They  may  also  be  found  on 
the  following  species  of  grasses:  Anthoxanthum,  Alopecurus 
Pfilcum,  Agrostis,  Aira,  Avena,  Brizn,  Arrhemtthentm,  Poa, 
Daetylis,  Fesiuca,  Bromu.%  Triticum,  Secale,  Elymus,  Hordeum, 
Lolium,  Agropyrum,  Andropogon,  Bryzopyrum,  etc. 

The  disease  may  ruin  a  whole  harvest  of  grain,  and  render 
the  straw  disagreeable,  if  not  dangerous,  for  stable  use  (see 
also  p.  84).  Removal  of  barberry  bushes  is  said  to  reduce  the 
rust,  although  many  believe  that  the  barberry  is  not  necessary 
for  the  existence  of  the  fungus.1  Plowright,  for  example,  found 
that  sporidia  from  teleutospores  infected  wheat-seedlings  directly, 
without  intervention  of  the  aecidiospore  stage.  It  is  also  possible 
that  the  mycelium  hibernates  like  that  of  Puce,  rubigo-vera,  in 
some  wild  grass,  to  grow  again  and  produce  uredospores  in  spring. 

No  very  effective  measures  against  this  fungus  are  known. 
Early  sowing  has  been  suggested;  and  certain  varieties  of  grain, 
known  to  be  less  liable  to  attack  than  others,  might  be  used. 

Eriksson  and  Henning,*  from  the  results  of  their  infection- 
experiments,  have  provisionally  distinguished  the  following 
varieties  of  P.  graminis: 

A.  Definite — (a)  distinct  varieties : 

1.  Var.  secalis  on  Secale  certale,  Hordeum  vulgare,  Triticum 

repens,  and  Elymus  areuarius. 

2.  Var.  avenae  on  Avena  satira.  Milium,  effuxum,  Alopecurus 

pratensis,  Dactylis  glomtrata  (and  Arena  elatior). 

3.  Var.  airac  on  Aira  caespitosa. 

(fi)  somewhat  uncertain  varieties : 

4.  Var.  agrostis  on  Agrostis  canina,  and  A.  sloloni/era. 

5.  Var.  poae  on  Poa  comjiressa  (and  P.  pratensis). 

B.  Not  sharply  defined : 

6.  Var.  trilici  on    Triticum  vulgare. 


.   Uetreideroste,"  Zeilieh, 
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Puccinia  coronata  Corda.  (Britain  and  U.S.  America.) 
Eriksson,  from  bis  own  experiments  and  those  of  Klebahn, 
distinguishes  the  following  specialized  varieties : 

Ser.  I.  Aeeidia  on  Rhamnus  cathartica,  Rh.  elaeoides,  Rh. 
grandifolia,  Rh.  alnifolia  (Puccinia  coronifera  Kleb,). 

1.  Var.  avenae  on  Avena  sativa. 

2.  Var.  alopecuri  on  Alopccunts  pratensis. 

3.  Var.  festucae  on  Festuca  elatior  (and    F.  rubra), 

4.  Var.  lolii  on  Lolium  perenne. 

In  addition  to  these,  Klehahn  found  a  form  on  Avena  elatior,  and  one 
on  Holctu  lanatat,  in  regard  to  whose  specialization  nothing  is  known. 

Ser.  II.  Aeeidia  on  Rhamnus  Frangtda  (Pnccinia  coronata  I., 
Kleb.). 

5.  Var.    calamagrostis  on    Calamagrostis   arundinacea    (and 

C.  lanceolata). 

In  addition  :  forms  on  DactgUs  glomerata,  Feitwca  tylvatica  (t  Puce, 
gibbtrota  Lagerh.),  Agrottis  vulgarit,  Solent  lanatut  (1  H.  mollis),  and 
Phalarit   arundinacea. 

Ser.  III.  Aeeidia  on  Rhamnus  dahurica  (Piux.  coronata  var. 
himalensis,  Barcl.). 

Indian  forms  on  Brackypodium  tylvaticum,  {Piptatkerum  hotciforme,  and 
Fentuca  giganlea,)  of  which  nothing  more  is  known. 

Ser.  IV.  Aeeidia  unknown,  probably  do  not  exist. 

6.  Var.  melicae  on  Melica  nutans. 

Amongst  our  cereal  crops  the  oat  alone  is  attacked  by  this 
species,  and  much  damage  may  result. 

The  uredo-patches  have  no  paraphyses  like  the  preceding 
species,  and  they  form  reddish-yellow  spots  and  stripes ;  the 
teleutospore-patches  are  black.  The  upper  cell  of  the  teleuto- 
spores  is  surrounded  by  a  crown  of  six  or  seven  blunt  teeth. 

The  presence  of  aeeidia  on  Rhamnus  is  accompanied  by 
thickening  and  twisting  of  young  shoots,  and  blister-like  de- 
formation of  leaves,  calyces,  and  ovaries.  Wakker1  thus 
summarizes  his  investigations  on  the  anatomical  changes  induced 
by  the  fungus  on  Rhamnus  Frangula :  "  It  causes  the  cells 
of  every  part  to  become  abnormally  enlarged,  at  the  same  time 
giving  rise  to  an  orange  coloration  of  the  cell-sap  and  an 
accumulation  of  starch ;  there  is  no  longer  any  formation  of 
interfascicular  cambium,  and  there  is  a  partial  or  complete 
1  Wakker,  Pringsheim'a  Jahtimch,  1892. 
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suppression    of   secondary    vasa,   mucilage    canals,   and    calcium 
oxalate." 

The  deformation  induced  by  P.  coronata  on  Rkamnus  cathartica 
was  investigated  by  Fentzling.1  The  changes  were  relatively 
slight:  the  parenchymatous  cells  of  the  rind  were  enlarged 
and  separated  by  large  intercellular  spaces ;  so  also  the  paren- 
chyma of  the  bast ;  vessels  were  more  numerous  in  the  wood 
affected ;  the  epidermal  cells  in  some  parts  of  the  leaf  were 
broadened  and  those  of  the  mesophyll  enlarged,  abnormally 
shaped,  and  with  large  intercellular  spaces;  in  diseased  leaf- 
stalks the  epidermal  cells  are  thinner-walled  and  broader,  while 
all  parenchymatous  cells  become  enlarged,  thinner-walled,  and 
with  many  intercellular  spaces ;  the  fibro- vascular  bundles  are 
enlarged,  chiefly  from  an  increase  of  the  wood-parenchyma ;  this 
tissue,  in  normal  petioles,  occurs  as  single  rows  of  cells  running 
radially  between  the  vessels,  whereas,  in  diseased  places,  three 
parallel  layers  of  cells  may  separate  neighbouring  vessels. 

P.  dispersa  Eriks.  et  Henn.  Brown-rust  (Britain.)  The  follow- 
ing specialized  varieties  of  this  species  have  been  distinguished : 

Ser.  I.  Aecidium  on  Anchvsa  arvcnsis  and  A.  officinalis  {Ate. 
anchume). 

\.  Var.  atealis  on  Secale  cereale.* 

Ser.  II.  Aecidium  unknown.  (Whether  distinct  varieties, 
somewhat  uncertain.) 

2.  Var.  tritici  on  Triticum  vulgare. 

3.  Var.  bromi  on  Bromvs  arvtnsis  (and  Br.  brizaeformis). 

4.  Var.  agropyri  on  Triticum  reptns. 

P.  robigo-vera  (D.C.)  (P.  straminis  Fuck.,  P.  striaeformis  West.). 
(Britain  and  U.S.  America.)  This,  in  its  uredo-  and  teleuto- 
spore  stages,  frequents  various  grasses,  while  the  aecidia  occur  on 
Boragineae.  A  variety  on  species  of  ffordeum  has  been  designated 
P.  simplex.  The  teleutospore-patches  are  enveloped  in  numerous 
brown  paraphyses;   the  teleutospores  have  very  short  stalks. 

The  anatomical  changes  produced  in  leaves  beset  with  aecidia 
have  been  stated  by  Wakker  as  follows :  The  swelling  of  the 
leaf-petioles  is  due  to  enlargement  of  their  cells ;  the  large 
intercellular    spaces    of  the   spongy   parenchyma   are   no  longer 

1  FenUling,  Inaugural  DUntrtation.     Freiburg,  1892. 

'Found  along  with  the  Aecidivm  at  Moo  trow  (Scotland)  by  Prof.  J.  W.  H. 
Trail.     (Edit.) 
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present ;  the  palisade  layer  is  doubled,  and  rupture  of  the 
epidermis  takes  place ;  chlorophyll-formation  is  suppressed,  the 
cell-sap  becomes  yellow,  and  starch  tends  to  accumulate. 

P.  di&persa  may  cause  serious  damage  to  wheat  and  rye ;  P. 
rvhigo-vera,  also  on  barley  and  oats.  The  spore-patches  are 
found  on  stalks  and  leaf-sheaths  more  than  on  the  lamina.  The 
mycelium  may  hibernate  in  grasses,  so  that  the  fungus  is  not 
dependent  on  the  aecidial  stage ;  for  this  reason  the  disease  is 
not  easily  combated. 

P.  glumaram  Eriks.  et  Henn.  Golden-rust.  This  species, 
hitherto  generally  included  under  P.  rubigo-wra  (D.  C.)  has  been 
separated  by  Eriksson  and  Henning.1  Experimental  infection 
on   Boragineae  gave  negative  results. 

Eriksson  distinguishes  the  following  specialized  varieties  of 
this  species: 

A.  Definite  (and  undoubtedly  distinct). 

1.  Var.  tritici  on   Triticnm  vulgar?.. 

2.  Var.  hordei  on  Hordeum  vidgare  (somewhat  uncertain). 

3.  "Var.  elymi  on  Blymus  arenarius. 

4.  Var.  agropyri  on   Tritiaim  repens. 

B.  Not  sharply  denned : 

5.  Var.  secalis  on  Stcale  cereale. 

The  uredospore-sori  are  lemon -yellow  in  colour,  and  form 
lines  on  the  leaf-blade  which  may  run  together  and  reach  a 
length  of  10  mm.  The  teleutospore-sori  form  long,  fine,  brown 
or  black  lines:  the  son  are  divided  into  numerous  chambers, 
each  enclosed  in  a  circle  of  curved  brown  paraphyses.  The 
spores  germinate  in  the  autumn  of  the  same  year.  The  pro- 
mycelium  is  yellow  till  the  spores  are  abjointed ;  in  this  way 
it  is  distinguished  from  P.  dispersa. 

P.  poarum  Niels.  (Britain).  Uredo-  and  teleutospores  on 
Poa.  According  to  Nielson,  the  aecidia  occur  on  Tussilago, 
Petasites,  and  Admo&tyles.  Fentzling  {loc.  cit.)  has  described 
certain  anatomical  changes  which  accompany  deformations  due 
to  the  aecidia. 

P.  phlei-pratenus  Eriks.  et  Henn,  This  lias  a  hibernating  mycelium 
which  produceB  uredosporea  continuously  on  Phleunt  and  probably  also 
on   Feititca.     Aecidia  have  not  as  yet  been  observed. 

1  Erikason  and  Hcnoing  {loc.  elL ). 
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P.  agiostidis  Plowr.1  Teleutosporeii  on  Agraitis  vulgaris;  aecidium  = 
Aec.  aqui/egiae  Pen.  (Britain  and  U.S.  America). 

P.  festucae  Plowr.1  Uredo-  and  teleutoapores  on  Fettuca  ovtna  and  F. 
dun'utoula  ;   aecidinm  =  Jec.  periclymeni  Schum.  (Britain). 

P.  phragroitis  (Schum.).  Uredo-  and  teleutospores  on  Phragmitet. 
Aecidium= Aec.  rvbellum  on  Ruiaex  critput  and  other  aperies  of  Rume-v, 
also  on  Rheum.    (Britain  and  U.S.  America.) 

P.  Trailii  Plowr.  Uredo-  and  teleutoajwres  on  Phragmitet  communis. 
Aecidium  on   Rviucj-  Acetota.     (Britain.) 

P.  Magnusiana  Korn.  Uredo-  and  teleutoapores  on  Phragmite*  communis. 
Aecidium  on  Ranunculus  repent.     (Britain.)1' 

P.  moliniae  Till.  Uredo-and  teleutoaporea  on  Molinia coerulea .  Aecidium 
(according  to  Rostrup'a  out-of-door  experimenta),  on  Orckit  repent,  0.  mascula  ; 
probably  also  on  other  Orchideae.     (Britain.) 

P.  nemoralis  Juel.  Credo-  and  teleutoapores  on  Molinia  coerulea  ; 
aecidium  {Ate.  melampyri  Kze.  et  Schm.)  on  Melumpyrum  pratente. 

P.  australis  K6rn.  Uredo-  and  Wleutospores  on  Molinia  in  Tyrol  ; 
aecidiuni  {Aec.  erectum,  according  to  Pazschke)  on  Sedum  refie.ee,  S.  acre,  etc. 

P,  perplexans  Plowr.  Uredo-  and  teleutoaporea  on  Akrpeeurut  pratentit  ; 
aecidium  on  Ranunculu*  aerie.     (Britain.) 

P.  persistens  Plowr.  On  Trilicum  repent.  Aecidium  =  Aec.  thalictri 
(Britain). 

P.  aesleriae  Reich.  On  Setleria  coerulea.  Aecidium  on  Rhamnus 
ta.catilis. 

P.  Winteriana  Magn.3  {P.  tettilii,  Sclui.).  Uredo-  and  teleutoaporea  on 
Pkalaris  arundinacea.     Aecidiuni  on  Allium  ursinum  (Aec.  alliatum  Rbh.). 

P.  sessilis.  Schn.  (including  P.  digraphidis  Soppitt  and  P.  paridit  Plowr.) 
(Britain.)  Uredo-  and  teleutoaporea  on  Pkalarit  arundinacea.  Aecidium, 
according  to  Soppitt,*  on  Convallaria  majalit,  also  on  Majanthemum,  Paris, 
Polygonatum,  Lilium  cunadense  and  Slreptoput  Smilacina.  Klebahu'a  experi- 
ments confirm  the  relationship  of  the  aecidium  on  Majanthemum,  Convaliaria, 
Polygonatum,  and  Pari*. 

P.  phalaridis  Plowr.  On  Phalaris  arundinacea.  Aecidium  (Aec.  art)  on 
Arum  italicum  and  A.  maculatum.     (Britain.) 

P.  agropyri  Ell.  et.  E?.  On  Agropyrum.  Aecidium  =  Jsc.  clematidit 
D.  C.  on  Clematis   Vitalba  and  C.  recta,  etc.,  in  Europe  and  America. 

P.  caricis  (Schum.)  (Britain  and  U.S.  America).  Uredospores 
and  teleutospores  on  species  of  Carex.  Aecidia,  according  to 
Magnus,  on  Urtica  (Fig.  185).  Tbe  eame  author  also  believes 
that  tbe  uredo-stage  can  hibernate. 

1  Howiight,  QreviUca,  xxi.,  1693,  p.  109. 

1  Klebahn  [ZciUch.  /.  Pfiataenkrankheittn,  1892}  confirms  Plowriglit'a  observa- 
tions on  this. 
'Magnus,  Htdwiyia,  1894. 
•Soppitt,  Journal  of  Botany,  1890. 
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Stems,  leaf-stalks,  and  leaf-nervature  often  undergo  one-sided 
thickening  and  curvature  as  a  result  of  formation  of  aecidia. 
Wakker  thus  summarizes  his  observations  on  the  anatomical 
changes  in  these  malformed  parts  of  Urtica :  there  is  an  en- 
largement of  cells  and  an  increase  in  the  number  of  large  inter- 
cellular spaces;  no  formation  of  collenchyma,  interfascicular 
cambium,  and  chlorophyll ;  a  diminished  formation  of  calcium 
oxalate ;  an  orange  coloration  of  the  eell-sap ;  and  a  distension 
or  rupture  of  the  epidermis. 


,  aUtuwollsn  outgrowths  on  tho 

Klebahn  and  Magnus  believe  that  there  is  a  Puecinia  on 
Carex  acuta  and  C.  Goodewughii  related  to  an  Aecidium  on 
Ribes  Grosmtaria,  R.  rvbrum,  and  R.  aureum ;  also  a  Puecinia 
on  Carex  riparia  with  au  Aecidium  on  Ribes  nigrum.  On  this 
account  Klebahn1  distinguishes  Puce,  caricis  ].,  n.,  and  m., 
agreeing  respectively  with  P.  Pringskeimiana  Kleb.,  P.  caricis 
(Schum.),  and  P.  Magnusii   Kleb. 

P.  Schoeleriana  Plowr.  et  Magn.*  (Britain).  Uredo-  and 
teleutospores  on   Carex  arenaria ;  aecidia  on  Scnecio  Jaeobaea. 

'Klebahn,  Zubchrift f.  PfiamenkrankhtiUn,  1892,  1894,  and  1895. 
s  Hedmgia,  1886. 
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P.  sylvatica  Schroet.  (Britain).  Uredo-  and  teleutospores  on 
Carex ;  aecidia.  on  some  Compositae.  Schroeter l  regards  an 
Aecidium  on  Taraxacum  officinale  and  Senctio  nemorensis  as 
related  to  the  teleutospores  on  Carex  brizoides  and  C.  praecox. 
Klebahn 2  reared  aecidia  on  Taraxacum  after  infection  with 
teleutospores  from  Carex  arenaria ;  E.  Fischer  obtained  aecidia 
only  on  Taraxacum  officinale.  Dietel  s  regards  Aecidium 
Bardanae  on  Arctium  Lappa  as  related  to  this  species. 

Attacked  leaves  of  Taraxacum  are  frequently  much  deformed, 
stunted,  and  twisted.  Those  of  T.  officinale  have  orange-red 
warts  on  the  lower  surface,  and  there  Fentzling  (loc.  tit.)  found 
both  spongy  and  palisade  parenchyma  increased  and  more  or 
less  deformed,  the  cells  being  elongated  and  enclosed  in 
hyphae. 

P.  leucanthemi  Pass.  According  to  E.  Fischer,  the  uredo-  and  teleuto- 
spores are  found  oil  Carer  moatana;  the  aecidia  (Aec.  leucanthemi)  on 
Chryianthemum  Leucanthemum. 

P.  tennistipea  Rostr.  Uredo-  and  teleutospores  on  Carer  muricata; 
aecidia  on   Centaurea. 

P.  arenariicola  Plowr.  et  Magn.  On  Carer  arenaria  ;  aecidia  — .lee.  ceiil- 
aureae  on  C.  nigra.     (Britain.) 

Ed.  Fischer  found  that  the  species  of  Puccinia  on  Carer  montaiia  (one 
with  its  aecidia  on  Centaurea  Scabiosa,  the  other  on  Centaurea  montana), 
were  specifically  different. 

P.  Hmosae  Magn.  Uredo-  and  teleutospores  on  Carer  limota ;  aecidia 
on  Lyrimackia.  thyrsi/olia  and  L.  mdffarit.* 

P.  extensicola  Plow.  (Britain.)  Uredo-  and  teleutoepores  011  Carer 
externa  i  aecidia  on  Alter  Tripolium. 

P.  dioicae  Magn.  (Britain  and  U.S.  America).  Uredo-  and  teleutospores 
on  Carex  dioica  and  C.  Davaltiana  ;  aecidia  on  Uirsium  (according  to  Roatrap 
and  Schroeter). 

P.  firm*  Dietel.     Teleutospores  on  Carer  Jirma;  aecidia  on  Bellidiastrum . 

P.  Tulpinae  Schroet.  Uredo-  and  teleutospores  on  Carer  vaipina  ; 
aecidia  on  Chrysanthemum   Tanacetum.* 

P.  paludosa  Plowr.  (Britain).  Uredo-  and  teleutospores  on  Carex  vulgaris, 
etc.  Plowright  gives  Aecidium  pedindarit  aa  the  aecidial  form.  The 
attacked  plants  of  PedicularU  are  oft«u  considerably  deformed. 

P.    uliginosa    Juel.*     Uredo-    and    teleutospores    on    Cartx    vulgaris ; 
1  Pilie  SeMeeiem. 

"Klebahn,  ZeiUchrifif.  Pjtanzenkraiikheiten,  II.,  1892. 
'Dietel,  Oaterrekh.  bottm.  Zeitung,  1889. 
'  Magnus,  Tagbl.  d.  Naturfirrteh.   Vtreitu  in  MOnehen,  1877. 
"Schroeter,  Pttie  Sdttoitm. 
"Jnel,  Mycolotj.  Beit.   Vettmeaj»-Abtd.   FOrhandl,    189*. 
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aecidia   (Act:   parnauiae   Schleclit.)   on   Parnaitia  paluttrit.     SpermogODial 
pycnidia  are  unknown. 

P.  scirpi  D.  C.  (Britain).  Uredo-  and  teleutoeporeB  ou  Scirpiu;  aecidia, 
according  to  Chodat,  =  Aec.  nympkaeoidu  on  Nymphaea,  Nuphar,  and  Lim- 
nanthemum  nympkaeoide*. 


on  the  lower  elds  wit) 


P.  eriophori  Thiim.  Uredo-  and  teleutoapores  on  Eriophorum  latifoHum 
in  Siberia  and  Denmark  ;  Rostrup  (fives  as  the  aecidial  form  Aec.  ciiierariae 
Koatr. 

P.  obacura  SchroeL  Uredo-  and  teleutoaporea  on  Luzula ;  aecidia  on 
Bellis  perennu  (Flow-right).     {Britain  and  U.S.  America.) 

P.  septentrional  is  Juel.  Uredo-  and  teleutospores  on  Polygonum  viri- 
parum;  aecidia  {Aec.  Somnlerfeltii)  on  Thalictrum  alpinum  in  Scandinavia, 
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Iceland,  Greenland,  and  Switzerland.  Juel  states  that  this  is  the  only 
heteroecious  Puccinia  whose  uredo-  and  teleutospores  inhabit  a  dicotyle- 
donous plant 

(2)  Accidia  are  absent ;  pycnidia,  uredospores,  and  teleutospores 
developed  on  the  same  plant.     (Brachypuccinia,  Schroet.): 

Puccinia  suaveolens  (Pers.)  (Britain  and  U.S.  America). 
One  form  on  Cirsium  aroente,  and  a  second  on  Centaurea  Cyanus. 
Pycnidia  and  uredospores  appear  first,  then  teleutospores  develop 
amongst  the  later-formed  uredospores. 

The  shoots  and  leaves  of  attacked  plants  are  permeated  with 
mycelium  and  rendered  conspicuous  by  their  elongated  shape, 
lighter  colour,  and  smaller,  less  lobed,  softer  leaves  (Fig.  186). 
Diseased  plants  bear  no  flowers.  Wakker  on  investigating  the 
diseased  stems  found :  non-development  of  those  sclerenchyma- 
sheaths  of  the  primary  tissues  situated  towards  the  interior  of 
the  stem,  whereas  those  towards  the  outer  side  show  secondary 
thickening ;  irregularities  occur  in  the  interfascicular  cambium, 
so  that  the  phloem  becomes  abnormally  developed  and  propor- 
tionately more  extensive  than  the  wood,  it  may  also  be  divided 
by  a  band  of  sclerenchyma. 

P.  hieracii  (Schum.)  (Britain  and  U.S.  America,).  On  numerous  Com' 
positae,  e.g.  Cortina,  Cireium,  Carduv*,  Centaurea,  Leontodon,  Scorzonera, 
CrtjtU,  ffieracium,  Cichorium,  etc. 

Plowright  distinguishes  two  allied  specieB  on  Cumpositae,  viz.  P. 
centaureae,  Mart,  on  Centaurea  nigra,  and  P.  taraxaci  Plowr. 

P.  bullata  (Pers.)  (Britain  and  U.S.  America).  On  Umbelliferae,  e.g. 
Apium,  Petroidinum,  Mthuea,  iSelinum,  Conium,  Anethum,  etc.  On  culti- 
vated species  (e.g.  Parsley,  Dill,  Celery,  etc.)  it  may  prove  troublesome.1 

P.  oreoselini  (Strauss).     On  Peucedanum  and  fieteli.     (U.S.  America.) 

P.  helvetica  Schroet.     On  Atperula  taurina. 

(3)  Uredospores  and  telmtospores  alone  known.  The  related 
pycnidia  and  aecidia  have  either  not  as  yet  been  traced,  or  do 
not  exist,     (Hemipuccinia,  Schroet.) : 

Puccinia  sorgbi  Schwein.  (Puce,  maydis  Be>.).  This  rust  of 
Sorghum  and  Zea  Mais  occurs  in  America,  Italy,  Germany,  etc. 
The  leaves  become  more  or  less  beset  with  little  pustules,  in 
which  the  son  of  uredospores  or  teleutospores  are  contained 
(Fig.  187-189). 

P.  purpurea  Cke.     On  Sorghum  mtlgare  in  India,  and  Zea  in  Africa. 
1  Description  and  figures  in  JV.  /.  Agric.   Exper.  Station  Report,  1691. 
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P.  elymi  West.  (Bottrupia  tlymi  Lagerh.). 
E.  mollis. 

P.  Baryi  (Berk,  et  Br.).     On  Brackypodiv 
Bambuia  Thowartii  in  India,  Andropogon,  etc, 

P.  longiasima  SchroeL     On  Eoderia  crutata 
in  Egypt 


On  Elyaait  arenarvu  and 

n  in   Europe   and   Britain, 

ji  America. 

in  Germany  ;   K.  Berythria 


Via.  188.— Puccinia  torahi. 
The  epldermi»  is  ruptured  by  i 
if  a  urodoepora-iorm  and  a  fe 


.    (t.  Tubeuf.  deL) 


BitUl  the  remain  ■ 


P.  paliformia  Fuck.     On  Koelma  erutata.     (Britain.) 

P.  anthoxBJithi  Fuck.     On  Aathoxantkum  odoralum.     (Britain.) 

P.  gibber oia  Lagerh.    On  Fetluca  tylvatica. 

P.  angustata  Peck.     On  Srirput  and  Erinphorum.     (U.S.  America.) 

P.  junci  (Strauss).     On  Juncus.    (U.S.  America.) 

P.  oblongata  (Lk.).     On  Lunula.    (Britain.) 
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i  Korn.     On  Cares:  vetica-ria. 
P.  caricicola  Fuck.     On  Carex  rttpina. 
P.  allii  (D.  C.).    Onion-rust    (U.S.  America.) 
P.  iridis  (D.  C).    On  Irit.    (Britain.) 
P.  veratri  Nieasl.     On   Veratrum  album  ami    V.  vtride.    (U.S.  America.) 

Puccinia  pruni  Pere.  Plum  or  Prune  Rust.  [This  is  a 
common  species  in  both  Europe  and  the  United  States ;  it 
attacks  almost  every  kind  of  cultivated  drupaceous  fruit,  includ- 
ing prune,  plum,  peach,  nectarine,  apricot,  cherry,  and  almond. 
The  uredosporee  are  brown,  the  teleutospores  darker,  and  both 
are  as  a  rule  found  only  on  the  under  surface  of  the  leaf 
(Fig.  82).  The  leaves  first  show  yellowish  or  reddish  spots 
which  rapidly  enlarge  and  darken  in  colour  till  rupture  of  the 
epidermis  takes  place,  and  they  rapidly  dry  up.  The  fruit  is 
thus  altogether  lost  or  much  injured,  while  ripening  of  the  wood 
is  more  or  less  interfered  with. 

The  remedies  suggested  are :  sprayings  with  modified  eau 
celeste,  or  ammoniacal  copper  carbonate  (see  p.  69)].1     (Edit) 

P.  cerasi  (Bereng.)  Cherry-rust  on  Prunut  Geramu,  P.  Amygdaiut, 
and  P.  Persica. 

P.  oenotherae  Vize.    On  American  species  of  Oenothera, 

P.  giliae.  Hark.    On  Phlox  and  Gilia.    (U.S.  America.) 

P.  tanaccti  D.  C.    On  Tanacetvm  vulgare.    (Britain  and  U.S.  America.) 

P.  aonchi  Hob.  et  Deem.    On  SobcAu*.    (Britain.) 

P.  endiviac  Pass.     On  Cichoria  Endivia  in  Italy. 

P.  carthami  Cords.     On  Cnrlhamnt  tinctoria. 

P.  balsamitae  (Strauss).     On   Tanacetum  BaUamita. 

P.  picridis  Haszl.     On  Picrit  in  Hungary. 

P.  bistortae  (Strauss)  (Britain  and  U.S.  America).  On  Polygonum 
Biitorta  and  P.  viviparum.  The  teleutospores  have  no  papilla  on  their 
germ-pores.  Soppitt  {Qrevillea,  1894)  claims  relationship  between  this 
species  and  an  Aecidium  on  Conopodium  denudatum  (Aee.  timiY  ('))). 

P.  nuunmillata  Sehroet  (U.S.  America).  On  Polygonum  Biitorta.  The 
upper  cell  of  the  teleutospore  has  an  apical  thickening. 

P  acetotae  (Sebum.).  On  Rumex  Acetosa,  ft  arifolia,  and  R.  AeetoteUa. 
Ludwig  says  it  hibernates  in  the  uredo-form. 

P.  polygon!  Pers.  (Britain  and  U.S.  America).    On  Polt/goneae. 

P.  rumicis  scutati  (D.  C.)    On  Polygoneae. 

P.  oxjriae  Fuck.  (Britain  and  U.S.  America)    On  Oxyria. 

P.  castagnei  Thum.    On  Apium  graveolen*  in  France. 

P.  cicutae  Lascb.    On  Cicuta  virota. 

■Pierce  (Journal  of  Mycology,  vir.,  p.  364)  gives  an  account  of  this  disease  as 
found  in  California,  and  describes  application  and  results  of  various  remedies. 
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P.  lUrhydis  D.  C.     On  Staehyt  recta. 

P.  argentata  (Schultz).    On  Impatient.    (Britain  and  U.S.  America.) 
P.  Berkeley!  Paaa.     On   Vinca.   (Plowright  distinguishes  also  P.  ri'ncae.) 
(Britain.) 

(4)  Uredospores  absent  or  only  rudimentary.  The  other  spore- 
Jorms — pycnidia,  aecidia,  and  teleutospores — develop  on  the  same 
host-plant.    (Pueciniopsis,  Schroet.) : 

Puccinia  tragopogonia  (Pers.)  (Britain).  On  Tragopogon, 
Scorzonera,  Podoxpermum,  and  Galasia.  The  leaves  of  diseased 
plants  are  conspicuous  in  spring  from  their  slenderness  and 
pale  colour. 

P.  aenecionia  Lib.1  (Britain).  The  mycelium  inhabits  species 
of  Senecio;  it  probably  arises  from  aecidiospores,  and  produces 
both  aecidia  and  teleutospores. 

P.  ipomeae  Cooke.     On  Ipomea  in  U.S.  America  and  S.  Africa. 

P.  bunii  (D.  G.\  On  forum  Bulbocattanttm  and  Pimpinella  Sarifraga 
(Britain). 

P.  smyrnii  Biv.     On  Sinyrnum  Olumtrnm.     (Britain.) 

P.  trollii  Karat     On  Aconitum  Lycoetonum  and   Trolliut  europaeu*. 

P.  Talerianae  Oarest  On  Valeriana  ojieinalii  and  Centranthvi 
Calcitrapa. 

P.  tiliaceamm  Duby.    On  Ornitkogaltm,  Scilla,  and  Gagea.     (Britain.) 

(5)  Teleutospores  alone  produced ;  they  hibernate  in  dead  host- 
remains  (Micropuecinia,  Schroet.): 

Pncciflia  fosca  (Relhan.).  (Britain  and  U.S.  America.) 
Anemone-rust.  The  brown  spore-patches  of  this  fungus  occur  on 
various  species  of  Anemone,  Thalictrum,  and  Pulsatilla.  Attacked 
plants  of  Anemone  ncmorosa  (Fig.  190,  6  and  7)  have  their  leaves 
much  altered,  the  petioles  being  abnormally  long  and  the  laminae 
much  thickened,  with  narrowed  segments,  and  conspicuously  pale- 
green.  The  teleutospore-patches  form  chocolate-brown  spots  on 
the  lower  surface  of  the  leaf,  and  stripes  on  the  leaf-margins. 
Flowers  are  rarely  developed  on  diseased  plants ;  Fentzling, 
however,  found  flowering  plants  with  aecidia  on  the  leaves ; 
three  of  the  perianth-parts  being  stunted.  The  same  investi- 
gator found  a  few  anatomical  changes  in  deformed  plants ;  in 
petioles  the  middle  one  of  the  three  vascular  bundles  normally 
present  was  larger  than  those  on  each  side  of  it;  in  the  dis- 
eased lamina  the  parenchyma-cells  were   enlarged,  while   inter 

1  Ditlcl,  fftdri-jia,  1S91,  p.  291  ;  also  Atrfartf  /  PjhaL**tra*thatt*,  1S9S, 
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cellular  spaces  were   more   numerous  and   also  larger.     Other 
minor  differences  are  also  given,  but  there  seems  to  have  been 


i«0.—jltuMoi\t-Rial.  2  ud  3,  Norma!  plwta  of  Anemone  ranxuculeide 
•ium  punetatum  on  Anemmt  nimmcuJoiflw ;  aecldii  on  tbe  lower  auifa. 
leaf;  the  pUuU  ire  abnormally  elongated,  mid  tha  leaf -segments  a: 
a  and  7,  Pucnnia  fiura  on  Atumon*  ntmorata ;  tho  plants  rem.iln  atn&] 
•mplttelj'  deformed,  7  partially.  1  Mid  t,  dtAUim  feaeMpfitHum  t 
ir  ■ttaxorom  ;  the  plants  are  abnormally  elongated  ud  tho  leaf-aegmen 
.     <t.  Tubeuf  del) 
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some  confusion  between  plants  infested  with  this  Paecinia  and 
those  with  species  of  Aecidium.  The  changes  induced  on 
anemone  hy  either  Aecidium  leucospermum  D.C.  or  Aec.  pnnctatUTn 
Pers.  are  quite  distinct  (Fig.  190). 


P.  singularis  Magn.  On  Anemone  ranunculoida  in  Austria  aud 
south-east  of  Europe.  The  teleutospore  germ-pore  is  situated  at  the  centre 
of  the  lateral  wall  of  the  lower  cell,   thereby   distinguished   from    that  of 

P.  atragenis  Haiiasm.     On  Atragene  alpina. 

P.  thalktri  Chev.      On    species    of    Tkalictrum.      (Britain    and    U.S. 

America.) 
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P.  Fergussonii  Berk,  et  Br.  Ou  Viola  paluttris,  etc.  (Britain  and  U.S. 
America). 

P.  alpina  Fuck.    On   Viola  bi/tora. 

P.  geranii-sylvatici  Karat     On  Geranium  lyhaticum.1     (U.S.  America.) 

P.  Morthieri  KOni.    On  Geranium. 

P.  Holboelli  (Horn.).  On  Arabit  Sotboelli  and  Eryrimum  narciuifolium 
in  Denmark  and  U.S.  America. 

P.  drabae  Bud.    On  Draba  aizoidet.    (U.S.  America.) 

P.  dentariae  (Alb.  et.  Schwein.).  On  Dentaria  bulbifera  and  D. 
enneaphylla,  causing  pustule-like  outgrowths  on  the  leaves. 

P.  ribis  (D.  C.)  Currant-rust  On  Ribee  rubrum,  R.  nigrum,  R.  alpinum, 
R.  Orosiularia,  and  R.  petraeum  (Britain  and  U.S.  America).     (Fig.  191.) 

P.  saxifragae  Schlecht.     On  Saxifraga.     (Britain  and  U.S.  America.) 

(P.  Pazachkei  Dietel.     On  Saxifraga  elatior  and  S.  Auoon.) 

P.  rhodiolae  B.  et  Br.    On  Sedwm  rhodiola.     (Britain.) 

P.  aedi  K3m.     On  Sedum  elegant. 

P.  aegopodii  (Schum.).  On  Umbelliferae,  e.g.  Aegopodium,  Atlrajitia, 
and  Peucedanum.    (Britain.) 

P.  enormia  Fuck.     On  Chaerophyllum  aureum. 

P.  aaarina  Enze  et  Schm.     On  Aearum.     (Britain.) 

P.  rubefaciens  Joh.     On  Galium  boreale  in  Scandinavia  and  U.S.  America. 

P.  campanulas  Carniioh.  On  Campanula  and  Jatione.  (Britain  and 
U.S.  America.)  . 

P.  conglomerate  (Str.).     On  Homogyne  alpina. 

P.  expanse  Link.     On  Adenostyles  and  Senecio. 

P.  virgaureae  (D.  C).     On  Solidago.     (Britain  and  U.S.  America.) 

P.  cardui  Plowr.     On  Carduits  lanceolatue,  and  C.  criipu*.     (Britain.) 

P.  Andersoni.  B.  et  Br.     On  Carduus  heterophyllue.     (Britain.) 

P.  bellidiastri  (Ung.).  On  Bellidiaelrtim.  (The  aecidium  on  the  same 
host  belongs  to  Puec  Jirma  Diet.) 

P.  adoxae  D.  C.     On  Adoxa  moichalellina.     (Britain  and  U.S.  America.) 

P.  betonicae  (Alb.  et  Schwein.).  On  BeConica  officinalis  and  Stachyt 
recta.     (Britain.) 

P.  Schneideri  Schroet.     On   Thymus  Serpyllum.     (Britain.) 

P.  scillae  Lk.    On  Scilla  Ufolia  in  Hungary. 

P.  tulipae  Schroet     On  Tulipa  Gemeriana. 

P.  Prosti  Moug.    On   Tulipa  tylvestris  and  T.  Celtiana  in   Italy  and 

P.  Schroederi  Pass.     Ou  Narciuut  poelicue. 

(6)  The  teleutospores  germinate  on  the  living  plants,  and  again 
produce  telentosjmres.  All  other  forms  of  spore  are  absent.  (Lepto- 
puccinia,  Schroet.) : 

Puccinia  malvace&rum  Mont,  occurs  on  various  Malvaceae. 

'.  himaUneU 
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This  rust  is  indigenous  to  Chili,  and  was  introduced  into  France 
about  1868,  whence  it  rapidly  extended  throughout  the  whole 
of  Europe,  and  during  the  last  ten  years  has  made  its  appear- 
ance in  the  United  States.  In  many  places  it  has  completely 
exterminated  both  wild  and  cultivated  mallows,  and  rendered 
the  cultivation  of  garden   hollyhocks  impossible.     It  appears  in 


Fio.  192.  -Pvcci 


teleutospora 


mX' 


May  or  June  on  the  leaves,  stems,  and  petioles  of  the  host; 
all  are  more  or  less  deformed,  and  the  leaves  may  in  severe 
cases  wither  up  long  before  the  flowers  appear.  Sponging 
with  a  solution  of  permanganate  of  potash  (two  tablespoonfuls 
in  one  quart  of  water),  has  been  found  an  effective  remedy. 

P.   Sherardiana  Korn.     On  mallow  in  America. 

P.  heterogenea  Lager.     On  hollyhock  in  South  America. 

s-virginianae  Schwein.     On  Anemone.     (U.S.    America.) 
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P.  thlaspeoa  Schub.     On   Thlaepi  alpatre  and  Arobis  hirtuta 

P.  spergulae  D.  C.     Oil  Spergula.     (U.S.  America.) 

P.  arenarUe  (Schum.).    On  AUineae  and  Sileneae,  e.g.  cultivated  Dianthiia 

barbaliu.     (Britain  and  U.S.  America.) 

P.  chryosplenii  Grev.     On  Chrysotplenium.     (Britain.) 

P.  drcaeae  Pere.     On  Circaea.     (Britain  and  U.S.  America.) 

P.  bnxi  D.  C.     On  Buxus  temperviran*.     (Britain.) 

P.  umbilici  Gnep.    On  Umbfficut.     (Britain.) 

P.  valantiae  Pera.     On  Galium.     (Britain  and  U.S.  America.) 

P.  aateris    Doby.      (Britain   and    U.S.  America.)     On  Aster,   Artemiria, 

Achillea,    Cirrium,   Scabiota,   Doronicum.      Plowright    regards   P.  mUlefolii 

Fckl.  on  Achillea  as  a  distinct  species. 

P.  veronica*  (Schroet.)  (Britain).  ,   \ 

P.  veronicarum  1).  C.   (Britain  and  U.S.  America).     >0n   Veronica.1 

P.  aJbulenaia  Magn.  J 

P.  glechomatis  D.  C.   On  Qlechoma  (Nepeta).    (Britain  and  U.S.  America.) 

P.  annularis  (Strauss).     On   Teucriwn.     (Britain.) 

Hemileia. 

Hemileia  vostatrix,  Berk,  et  Br.  This  occurs  on  the  leaves  of  the  coffee 
plant  in  Ceylon,  Java,  and  Sumatra.  It  causes  a  very  destructive  disease. 
Sadebeck  recommends  as  remedies:  (1)  Removal  of  infected  leaves  and 
their  sterilization  by  dilute  acids  or  Bordeaux  mixture.  (2)  Spraying 
the  beds  with  Bordeaux  mixture,  so  as  to  kill  the  spores  which  have 
fallen  there. 

Several  genera  which  do  not  occur  in  Europe  may  be  mentioned  here, 
viz. :  Uropyxis,  Diorchidium,  Chrysospora,  and  Sphaeropbragmlum ;  also 
MuaeeUa,  Pliakospora,  and  Schizospora.3  They  contain  but  few  species, 
and  none  of  practical  importance. 

Triphragmmm. 4 

Teleutospores  three-celled ;  one  cell  is  attached  to  the  sporo- 
phore,  and  carries  the  other  two ;  each  cell  has  one  or  more 
germ -pores. 

Triphragmiam  ulmariac  (Schum.).  (Britain.)  Uredospores 
and  teleutospores  produced  on  the  same  plant,  Spiraea  Ulmaria. 
The  teleutospore-patchea  are  dark-brown,  the  uredo-sori  reddish- 
yellow,  while  the  pycnidia  (so-called  spermogonia)  are  yellowish 

]  Distinction,  see  Magnus,  Ber.  d.  deutsth.  baton.  Pen.,  1890,  p.   167. 
•Sadebeck,  ForiU-naturtciia.  Ztitaehrift,  1865.     M.  Ward,  Setmoval  Paper* 
xvii.,  Colombo,  1881. 

*Dietel,  BrrichU  d.  deutech.  baton.  Gee.,  1895,  p.  332. 

*  Bibliography  and  Revision,  by  G.  Massee,  Grtetilea,  XXI,,   1893,   p.   111., 
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points.  The  so-called  aecidia  are  really  a  form  of  uredo-sori; 
they  occur  as  thick  cushions  and  cause  thickening  or  twisting 
of  the  leaves  and  petioles. 

T.  filipendulae  (Lasch.)  (Britain).    On  Spiraea  FUipendvta. 

T.  echinatum  Uv.  occora  on  Meum ;  teleutospores  alone  are  known 
(U.S.  America). 

T.  claveOoanm  Berk.    On  leaves  of  Aralia  in  the  United  States. 


Phragmidium. 

Teleutospores    multicellular,    the    individual    cells    forming    a 
single  series ;  they  show  a  variable  number  of  germ-pores.     The 


telAutospore  -  patches 


teleutospores  are  produced  in  loose  patches.  The  aecidial  patches 
have  no  covering,  but  are  surrounded  by  club-shaped  paraphyses. 

The  genus  frequents  only   liosaceae. 

On  species  of  Rom : ' 

Phragmidinm  subcorticium  (Schrank.)  Teleutospores,  uredospores,  and 
aecidia  ou  leaves  of  wild  and  cultivated  roses.  (Britain  and  U.S. 
America.) 

Pbr.  tuberculatum   J.   Mult.     All    the   forma   of    snore    occur    on    Rota 

Phr.  fusifonne  Schrot  {I'Jtr.  rotae-alpinae  (D.C.)}  On  Rota  alpina 
(Britain). 

Phr.  speciosum  (Fr.).     On  North  Americau  roses. 
Phr.  devaatatrut  Sor.    On  roses  in  Asia. 

Rubus-arten,"   Her.    d.   deutuch. 
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On  species  of  Potentilla : 

Phr.  fraeariaatri  (D.  C.)  (Britain  and  U.S.  America). 

Phr.  potentillae  (Per*.)  (U.S.  America). 

Phr.  tormentillae  Fuck.     (Britain.) 

Phr.  papillatura  Dietel,  from  Siberia. 

Pbr.  nepalense  Barcl.  and  Phr.  laceianum  Hard,  in  India. 

On  species  of  Rubus: 

Phr-  rubi  (Pera.)  (/'Ar.  bidbotum 
Schleclit.)  (Britain). 

Phr.  rubi-idaei  (Pera.).  On  leaves 
of  raspberry.  (Britain  and  U.S. 
America.) 

Phr.  violaceura  (Schnltz)  (Britain). 

Phr.  rabi-miniatum  J.  Mull. 

Phr.  albidum  (Kuhn). 

Phr.  quinqueloculare  Barcl. 

Phr.  octoloculare  Barcl. 

Phr.   Barclayi  Dietel,  from  Hiiua- 

Phr.  gracile  Far!.,  America. 
And  other  species. 
On  Sanguisorba : 
Phr.    sanguisoibae    (D.  C).        On 
Sattguuorba  minor.     (Britain.) 

Phr.  carbonarium  (Schlecht.) 

(Britain).     This  species  has  also 

been  placed  in  a  separate  genus 

Xe-nodochus.      It  occurs  on  San- 

guisorba.     Uredospores  are  want-  Flo  m  _Pkratmidim  „ 

ing  ;   the  teleutospores  form  firm 

black   crust3 ;    the   aecidiospores 

form  chains ;  and  the  paraphyses 

are  club-shaped.     Diseased  leaves  and  petioles  are  thickened  and 

bent.     Wakker's  investigation  showed :   a  slight  enlargement  of 

parenchymatous  cells  and  rupture  of  epidermis  on  spore-formation ; 

a   diminution   in   the    intercellular  spaces   and. in   formation   of 

collenchyma  and  sclerenchyma ;    a  suppression  of  all  production 

of  chlorophyll  and  calcium  oxalate. 

Melampsora, 
Teleutospores    dark    and    unicellular,    in    some    cases    multi- 
cellular   by    formation    of   new    walls,    generally    in    a    vertical 
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direction ;  their  sori  form  dark  spots  which  break  out  from 
beneath  the  epidermis.  The  yellow  uredospores  have  a  coat 
beset  with  fine  Bpines,  and  are  given  off  from  sori  which  may 
or  may  not  be  enclosed  in  a  peridium.  The  aori  of  the 
aecidium-stage  have  no  peridium,  and  are  known  under  the 
generic  name  of  Caeoma;  they  frequently  occur  on  other  hosts 
than  those  of  the  teleutospores.  Pycnidia  are  produced  in  little 
yellow  patches. 

Melampsora  tremnlae  Tul.  (Britain).  The  sori  of  uredo- 
spores appear  as  little  yellow  protuberances  on  leaves  or  young 
shoots  of  Populm  tremula.  The  dark-brown  patches  of  teleuto- 
spores  appear   later   on   the   under  epidermis,  and   where    they 


developing  beneath  the  cortical  layer,  as  yet  unbroken.    (After  R.  Bartig.) 

occur  in  large  numbers,  an  early  fall  of  the  leaf  may  result. 
The  teleutospores  hibernate  in  dead  leaves  on  the  ground.  In 
spring  the  sporidia  germinate  and  infect  young  shoots  of  Pinus 
sylvestris,  producing  the  disease  known  as  Cacoma  pinitorquum.1 
This  disease  attacks  pine-seedlings,  appearing  generally  on 
the  needles.  It  is  most  frequent  in  plantations  from  one  to 
ten  years  old,  rarer  in  those  of  ten  to  thirty  years,  and  not 
as  yet  observed  in  older.  Pinus  sylvestris  is  most  commonly 
attacked,  but  it  has  also  been  observed  on  Pinus  montana  in 
Jutland.  After  formation  of  the  Caeomiff-patcbes,  the  young 
thin  shoots  generally  die  off,  but  thicker  ones  become  twisted 
at  the  place  attacked,  whence  the  name  "  pine-twister  "  commonly 
given  to  this  disease.  If  the  leading  shoot  be  attacked,  the 
seedlings  may  succumb  altogether.     The  disease  develops  rapidly, 

1  B.  Hartig,    Wkhivji  Kranikeiten  d.    Waldbiinme,  1874. 
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particularly  in  a  damp  and  cold  spring,  and  may  prove  very 
destructive  if  it  appears  for  several  years  in  succession.  The 
mycelium  evidently  perennates  in  pine-shoots,  and  produces 
new  Coetwna-patches  year  after  year  till  death  of  the  host  results. 
It  grows  intercellularly  especially  in  the  rind  parenchyma,  but 
also  in  the  medullary  rays  of  wood  and  bast ;  the  contents 
of  the  host-cells  are  absorbed  by  means  of  short  lateral  haustoria. 


rCnrom«-[iat<;h(sn]anttU.     /.  CoTtidll 

;  ',,  build!*  from  which  upon*.  (.)  in 


The  pycnidia  are  produced  at  end  of  May  or  beginning  of 
June,  between  the  epidermal  cell-wall  and  the  cuticle  of  green 
twigs ;  before  breaking  out  they  may  be  observed  externally 
as  light  patches  on  the  shoot  The  tVowwt-patches  develop 
later  in  the  second  or  third  layer  of  the  rind-parenchyma 
(Fig.  196).  In  each  patch  the  spores  are  produced  serially  from 
short  stalks  to  the  number  of  twenty  or  thereabout,  and  ultimately 
escape  about  June,  when  the  cells  of  the  parenchyma  and 
epidermis  are  ruptured.  At  first  the  spores  are  connected 
together  by  intermediate  cells  which  are  afterwards  absorbed 
(Fig.  197).     The  mature  spores  are  globose,  oval,  or  polygonal 
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in  shape,  yellow  in  colour,  and  their  outer  coat  is  beset  with 
spiny  projections.  The  stalk-cells  grow  out  into  elongated  tubes, 
after  completion  of  spore-formation.  In  the  vicinity  of  the 
scar  of  a  Caeoma-  patch,  the  twig  turns  brown  and  its  tissues 
become  permeated  with  resin,  while  the  tissues  underlying  the 
patch  die  even  into  the  pith. 

Hartig's '  investigations  show  that  this  same  Melampsora  causes 
Caeoma  lands  ou  the  needles  of  the  larch.  Plowright2  also 
produced  a  similar  Caeoma-ioim   from  Melampsora  betulina,  and 


Mftamworrt  ktli±tinn.     ToleutoflpoTC-aarue,  wit 
umycelU  Had  iportdU  (j).     r,  Mycelium  ;  n,  pi 


ucLng  promycvlUi  had  Hpori 
piurod  •pldcimta.     (Aflci 

succeeded  in  re- infecting  Betvla  alba  from  Caeoma  lari/:is. 
Rostrup  obtained  Caeoma  mercuriatis  by  infecting  Mercurialis 
with  Mel.  trcmvlae;  yet  this  may  have  happened  because  two 
different  species  of  Melampsora  occurred  on  the  aspen  leaves. 
Klebahns  was  successful  hi  infesting  Populus  tremula  with 
Caeoma  larieis  but  did  not  succeed   with   the   birch, 

'R.  Hartig,   AlUgtm.  Font.  u.  Jagd-ttitvng,  1885. 

>  Plowright,  "  Impfverauche  m.  RoBtpilzen,"  Zeitarhrift  /.  PJianzeiJcra-aiheilen, 
1891. 
"KleUhn,  Zti<*chriftf.  Pflanzenkranthtiten,  1894. 
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The  patches  of  Caeoma  laricis  Hartig,1  appear  as  golden-yellow 
cushions  on  the  underside  of  the  needles.  The  sporophores  from 
which  the  aecidiospores  are  abjointed,  form  the  centre  of  the  patch, 
the  periphery  being  occupied  by  numerous  sterile  threads,  which 
grow  out  as  long  paraphyses ;  it  may  so  happen  that  the  whole 
cushion  consists  only  of  these  last.  The  formation  of  Caeoma- 
patches  is  preceded  by  that  of  little  pycnidia  (spermogonia), 
which  break  out  from  under  the  cuticle.  The  mycelium  lives 
intercellularly,  and  dies  after  the  shedding  of  the  Caeoma- 
spores. 

Melampaora  betnlina  (l'ers.)  (Britain  and  U.S.  America). 
Uredo-  and  teleutospores  occur  on  the  leaves  of  the  birch 
(Betula  alba).  Plowright  *  found  from  arti- 
ficial infection  that  this  species  produced 
Caeoma  laricis  on  the  needles  of  Larix 
europea.  A  second  form  of  Caeoma  laricis 
was  obtained  by  Hartig,  both  from  infec- 
tion by  Mel.  tnmittae  Tul.  from  the  aspen, 
and  by  Mel.  populina  Jacq.  from  the  black 
poplar.  Flo.  m.-Hthmp»m 

M.  populina  (Jacq.)8  (Britain  and  U.S.     ^I^0„^T'  ,aJ 
America).     Uredo-  and  teleutospores  found     TuU""> 
on     Populus     nigra     and     P.     balsamifem. 

M.  populina  and  M.  tremvlae  are  probably  identical,  for  Hartig 
has  found  the  same  Melampsora  on  black  and  balsam  poplars 
as  on  aspen,  and  in  each  case  he  produced  Caeoma  laricis  by 
means  of  the  uredospores.  Schroeter  states  that  the  Melampsoia 
of  Populus  nigra  produces  Caeoma  allii  of  Allium. 

M.  aecidioidefl  D.  C.  (Britain).  Uredo-  and  teleutospores  on 
leaves  of  silver  poplar  (P.  alba  and  P.  canescens).  Plow- 
right  connects  with  it  a  eaeovta-torra  on  Mercurialis  (Caeoma 
mii-curialis).  Schroeter  states  that  the  Melampsora  of  Populus 
tremula  produces  Caeoma  mercurialis. 

The  Melampsorae  of  Willows  were  until  recently  grouped 
under  a  collective  name,  M.  salicina ;  several  species  are  now 
recognized,  others  require  verification. 

1 E.  Hartig,    Wichtigt  KraniheUin  d.   Waldbanmen,  PI.  V. 
1  Plowrigbt  (loc.  eil.). 

JR.  Hartig,  Bolan.  Cenlnfflatl,  XLVI.,  1891;  "The  leaf-rust  of  cot  ton  woods, " 
U.S.  Dtpt.  of  Agriculture  Report,  18S8,  p.  390. 
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M.  salicia-capreae  (Pers.)  (Britain  and  U.S.  America). 
Uredo-  and  teleutospores  on  leaves  of  Salix  Caprea  and  several 
other  species.  According  to  Rostrup,  Oaeoma  ewmymi  (Gtnel.) 
is  a  stage  of  this.1 

M.  Hartigii  TniiUL*  (M.  epitea  Thiim.)  (Britain  and  U.S. 
America).  Uredo-  and  teleutospores  on  leaves  of  Salix  prttinosa, 
S.  daphnoides,  S.  viminalis,  etc.  Rostrup  regards  C.  ribesii  Lk. 
of  Jiilies  as  a   caeoma-fciTTn. 


»lth  a  uredcuporo-Bonw  on  the  lower  optdermls;  on  tho  uppnr  mlde  » teleutoipoire- 
•oruii  la  la  proceM  of  doiolopmont,  but  Is  ns  yet  compleufy  oloHd  OTor.    (Af  tor 

M.  repentis  Flowr.3  Uredo-  and  teleutospores  on  Salix  repent.  Caeoma. 
on  Orchil  maculata.  (The  Gaeonta  arckidii  of  other  orchida  is  probably 
identical  with  this  one.) 

M.  arctica  Bostr.  on  Salix  herbacea,  S.  glauca,  and  S.  groenlandica  in 
Greenland. 

M.  mixta  (Schlecht).  (Britain).     The  related  Caeoma  is  unknown. 

ThUmen  also  gives  M.  Cattagnei  Tliuru.  on  S.  amygdalina, 

M.  vitellinae  D.  C.  on  Salix  fragiii*  is  said  by  Schroeter  to  have  its 
Caeoma   on    Oalanthm   nivalis  (Britain). 

The  rusts  of  cultivated  willows  are  very  detrimental  to  them 

1  M .  salieis-capreae  {M.  caprearum  D.C.I  is  divided  by  some  authorities  into 
M .  fannoaa.  (PerB.)and  M.  epitea  (Km.  et  Schril.). 

'See  ThUmen,  "  Mtl.  aaJicina,"  Millheilungen  au»  d.  /oritlich.  Vertniriiaweaen. 
Otttemkh,  1878. 

3  Plowright  (toe.  cU.). 
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and  cause  great  damage.  The  yellow 
sori  appear  in  large  numbers  on  the 
lower  surface  of  the  leaves,  which 
wither  prematurely,  especially  towards 
the  ends  of  shoots  (Fig.  201).  The 
teleutospores  hibernate  on  fallen  leaves, 
hence  such  should  be  raked  together 
and  burnt.  Solix  pruinosa  is  found 
to  be  much  more  sensitive  to  attack 
than  S.  pruinosa  X  daphnoides,  whose 
leaves  are  more  hairy,  a  property 
which  seems  to  protect  them  from 
spores. 

The  following  species  have  only 
uredospores  and  teleutospores,  related 
/7iwoma- forms  being  unknown : 

M.  lini  (Pers.)  (Britain  and  U.S. 
America).  Flax-rust.  The  uredo-  and 
teleutospores  occur  together  on  Linum. 
This  may  inflict  serious  damage  in 
fields  of  cultivated  flax. 

M.  sorbi  (Oudem.).  On  leaves  of 
Pyrus  Aiicuparia  and  P.  torminalis. 
Dietel '  has  recently  placed  this  as 
the  single  species  of  a  new  genus 
Ochroapwa.  The  light-yellow  spores 
are  at  first  one-celled,  but  before 
the  death  of  the  host-leaves  they 
divide  into  four  (rarely  three)  cells, 
each  of  which  gives  off  a  sterigma 
with  a  single  sporidium.  In  these 
points  the  spores  follow  the  develop- 
ment of  C'otcosporium ;  the  sporidia, 
however,  are  quite  different,  they  are 
spindle-shaped,  22-25/*  long  and  8n 
broad. 


id  curled  up,  the  k 
la  point-like  «L    (t 


1  Berichlt  d.  dtvUrh.  bolan.  Gen.,  1896,  p.  401. 
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M.  uiic  (Schleich.).     On  leaves  of  Pyrut  aria. 

M.  padi  (Kmize  et  Schuni.).     On  leaves  of  Prunut  Padut.     (Britain.) 

M.  hypericonun  (D.C.)    Ou  Hypericum.     (Britain.) 

M.  pustulata  (Pars.)    On  Epilobivm.    (BriUin  and  U.S.  America.) 

M.  tircaeae  (Schum.)     On  Ctrcaea.     (Britain.) 

M.  vaccinii  (Alb.  et  Sclira.).  On  leaves  of  Vaccinium.  (Britain  and  U.S. 
America.) 

H.  pirolae  (Gmel.)     On  Pyrola.     (Britain  and  U.S.  America.) 

M.  spars*  Wint  (U.S.  America).  On  Arctostapkylot  alpina  (also  J. 
otficinalit  ace.  to  Rostrup) 

M.  carpini  (Neea.)     On  leaves  of  hornbeam. 

M.  galii  (Lk.)     On  Galium. 

M.  (Thecopsora)  agrimoniae  (D.C.)    On  Agrimonia. 

M.  Ternalia  Niessl.     Tel eutos pores  only  on  Saxifraga  gramdata. 

H.  hetioscopiae  (Pers.).    On  Euphorbia.    (Britain.) 

H.  euphorbiae-dnlcia  Otth. 

Melampsorella. 

The  unicellular  teleutospores  are  developed  in  the  cells  of 
the  epidermis  and  form  reddish  patches.  The  patches  of 
uredospores  are  enclosed  in  a  peridium. 

Melampsorella  cerattii  (Pers.)  Uredo-  anil  teleutosporea  on  species  of 
SttUaria  and   Ceraetium.     (Britain  and  U.S.  America.) 

Oalyptospora. 

The  teleutospores  are  developed  inside  the  epidermal  cells, 
and  are  divided  into  four  cells  by  vertical  septa.  The  aecidia 
have  large  peridia.  The  pyenidia  are  small  and  precede  the 
aecidia. 

Oalyptospora  Goeppertiana  Ktihn.1  (U.S.  America).  The 
common  disease  of  cowberry  ( Vaccinium  Vitis-ldaea)  caused  by 
this  parasite  is  shown  externally  by  a  very  marked  swelling 
and  elongation  of  the  shoots  (Fig.  2  0  2).  Diseased  plants 
elongate  conspicuously  above  their  neighbours,  and  in  this  way 
distribution  of  their  spores  by  wind  is  facilitated.  The  mycelium 
hibernates  in  the  cortical  tissues,  and  maintains  itself  for  years. 
It  grows  intercellularly,  sending  haustoria  into  the  cortical  cells. 
As  a  result  of  its  presence,  cell-growth  is  much  accelerated, 
and  a  marked  thickening  of   attacked  twigs  frequently  occurs; 

(The 
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intercellular  spaces  become  enlarged,  and  the  contents  of  all 
cortical  cells,  except  those  of  the  epidermis,  takes  on  a  red 
colour,  whereby  the  young  shoots  have  at  first  a  delicate  rose- 
red  colour,  though  they  afterwards  turn  brown.  The  lower 
leaves  have  a  similar  red  colour,  but  shrivel  and  fall  off  early, 
while  the  upper  ones  develop  normally  and  remain  attached. 


Shoots  infected  one  summer  show  the  symptoms  in  the 
following  year.  The  swelling  is  confined  to  the  basal  part  of 
a  year's  growth,  and  the  apices  of  shoots  remain  normal  to  all 
external  appearance,  although  permeated  with  mycelium.  Hartig 
has  explained  this  by  assuming  that  the  fungus-mycelium  only 
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influences  young  cells  attacked  by  it  during  their  period  of 
growth,  whereas  cells  already  in  the  adult  condition  remain 
unaffected. 

Inside   the   diseased   shoots    a   well-developed   mycelium   will 
be  found  between  the  epidermal  cells,  and  nourished  by  hailstorm. 


Fig.  £03. — Oalypto*pora  tiatpptrtiana.  Section  through  opidt 
paranchyinaoladisaaaodahootof  Facclnium.  The mycelium Is 
■wollen  branches  penetrate  the  cell-walls  add  become  aac-Uka  nuusturta.  The 
hyphae  under  the  •pldermla  become  connlderablj-  swollen,  and  give  off  Into  the 
eeUt  eithor  haujtoria  (&)  or  tho  aac-Hlte  processes  (r,  c).  whieh  become  lha  mother- 
HjUa  of  the  talauloapores.     X  420.     (A/ter  R.  Hartdg.) 

The  spores  originate  from  processes  of  the  mycelial  hyphae, 
which  bore  their  way  into  the  epidermal  cells,  and  swell  up 
inside  to  form  spherical  sacs.  The  cells  thus  entered  turn 
brown,  and  are  filled  up  by  four  to  eight  cells  produced  from 
the  sac-like  processes  of  the  mycelium  (Fig.  203).  From  each 
cell  of  this  kind  a  four-celled  teleutospore  is  formed  and  hiber- 
nates in  situ.  In  spring  the  teleutospores  emit  a  process  through 
the  outer  wall  of  the  epidermal  cell,  and  this,  after  division 
by  cross-septa  into  four  cells,  becomes  a  promycelium  with  short 
sterigmata,  from  each  of  which  a  single  sporidium  is  abjointed 
(Fig.  204).  The  sporidia  germinate,  as  Hartig  proved,  about  the 
middle  of  May,  on  young  needles  of  silver  fir  (Abies  pectinaia). 
By  the  middle  of  June  the  mycelium  is  distributed  through 
the  intercellular  spaces,  and  forms  aecidia  with  long  white  sac- 
like peridia  on  the  under  surface  of  the  leaf  (Figs.  205,  206) 
The  aecidiospores  escape   on   rupture  of  the  peridium  and   the 
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host-epidermis,  to  germinate  on  the  epidermis  of  another  cowberry- 
shoot.  The  germ-tube  either  enters  by  a  stoma,  or  forms  an 
adhesion-disc  and  sends  out  a  process  from  this  through  the 
epidermis. 


Fio.  aw.— CnlyptBtpera  Oeejtj 
AocldU  on  the  under  nrhto*  of 
ofSUierFlr.    (v.  Tubeuf  deL) 


later  >tagc  than  Fig.  WIS.     In  each  opldermnl 

coll  («,  .1)  mi  mother-cells  have  boon  funned, 

each    JuhdlTiiiod    iniij     four    teleiltocporea.  Fid.  204.— Aecidiura    in    a    Desdls    of 

Prumjcelia  (6)  have  developed  from  many  of  Silver    Fir  (much    enlarged).      b,  Serloe 

the  UCtor,  and  are  In  proceea.of  nbjolntlng  of  aecldloeporaa  and  intermediate  cella 

oif   the    aportdfa   from   lateral   itertgmata.  r,    Germinating    aecidioipona.      (After 

x  420.    (After  R.  Hartlg.)  it.  Hartlg.) 

This  aecidium  is  also  found  on  Abies  cephalanica  in  Upper 
Bavaria. 

Barclayella  deformans  Diet1  This  has  been  found  in  the  Himalaya 
region  on  needles  and  young  twigs  of  Picea  Morinda  (Smilkiana).  Teleuto- 
spore-sori  are  developed,  accompanied  by  distortion  of  the  host.  Aecidia 
and  u redoa pores  are  unknown. 

Calcutta,  1886;  and 
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The  teleutospores  form  a  soft,  reddish,  waxy  cushion,  and 
germinate  in  situ  producing  four-celled  promycelia ;  in  these 
respects  they  exhibit  great  resemblance  to  Auricularia.  Uredo- 
spores  are  developed  in  chains.  The  aecidia,  as  yet  known, 
have  a  distinct  peridium. 

Many  species  infect  the  needles  of  pine  trees  and  produce 
aecidia  known  by  the  generic  name  Peridermium ;  other  species 
also  known  as  Peridermium  and  living  on  bark  are  really 
species  of  Cronariium.  The  species  here  mentioned  with  their 
Peridermium-form  on  pine-needles,  so  much  resemble  one  an- 
other as  to  be  almost  indistinguishable,  and 
the  question  arises  whether  they  are  really 
species,  or  only  varieties  due  to  difference 
of  substratum — habitat-races. 

Coleosporium  senecionia  (Pers.).  (Britain.) 
The  sori  are  produced  on  leaves  and  stems  of 
various  species  of  Senerio  (without  doubt  on 
S.  vulgaris,  S.  sylvaticus,  S.  viscosus).  The 
uredoapores  are  shed  in  June  from  yellow 
spots.  The  teleutospores  follow  later  on 
dark-redt  patches,  there'  they  hibernate  and 
in  spring  produce  a  four-celled  promycelium, 
each  cell  of  which  gives  off  a  sterigma  with 
one  sporidium.  The  latter  germinate  on 
needles  of  Pinus  xylvestris.  A  mycelium  is 
formed  in  the  intercellular  spaces  of  the 
needles,  and,  nourished  by  means  of  haustoria  sunk  into  the 
host-cell,  perennates  and  produces  crop  after  crop  of  aecidiospores. 
Hyphae  are  produced  in  such  numbers  that  the  cells  of  the 
needle-parenchyma  are  tightly  pressed  together,  and  those 
adjacent  to  pyenidia  and  aecidia  turn  brown,  secrete  resin,  and 
die.  The  needles  themselves,  although  filled  with  mycelium, 
remain  on  the  tree  till  the  time  of  their  normal  fall. 

Pyenidia  are  developed  by  April  or  May  under  the  cells  of 
the  epidermis.  They  are  little  obtuse  cone-shaped  enclosures 
appearing  as  brownish-yellow  spots  scattered  over  the  inner 
faces  of  the  needles.  On  attaining  maturity  they  rupture  the 
host-epidermis  and  give  out  their  conidia. 


Flo.  207.— CalroijmWt 
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The  aecidia  are  produced  amongst  the  pycnidia  on  needles 
two  or  three  years  old ;  they  have  long  white  perldia  and 
are  known  as  Peridermium  oblongisporium  Fuck.  The  aecidio- 
spores  are  yellow  when  mature,  and  originate  in  chains,  which 
in  the  earlier  stages  of  development  consist  of  intermediate 
cells  and  spores,  but  the  former  gradually  disappear  (Fig  208), 
The  spores   have   an    average  length   of   305m  and  breadth   of 


•).    Portion  of  hi,  n, 


l-'i.i.  SI-:-  -}■■■:,:.  .>,;.„:,<  ,,.„,  (CJ,™,.,,,-,,,,,  - ■„,,,.•).     I'orti.m  ,.f  1111  n>virjin„i 

with  buiidta  <'.)  giving  uH  uporoi  nnd  Intermediate  celto  (d);  outside  ths 
peridlum  (o)  other  basldU  0)  with  chib-sh*,ped  cudi  Idkb  up  tlio  epidermis; 
..,  ttio  thick  mycelium  Id  the  leaf- parenchyma.    (After  R.  Harti*.) 

20/t;  in  form  they  are  generally  kmgish-oval,  few  being  round  ; 
the  spore-coat  is  moderately  thick.  Aecidioapores  are  capable 
of  immediate  germination,  and  produce  tJwrfo-patches  on  Senecio 
by  .Tuna 

The  uredospores  have  an  average  length  of  2 85/*,  and 
breadth  15"5,w;  they  are  generally  oblong,  with  a  moderately 
thick   coat   beset   with   spiny   warts. 
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Klebahn  and  Fischer1  assert  that  several  other  species  of 
Coleosporium    produce    their    aecidium-stage    on  Pinus  sylvestris. 

0.  euphrasiae  (Schum.)  (Britain).  Uredospores  produced  from 
reddish-yellow,  teleutospores  from  orange-red  patches  during 
July  and  August  on  various  Rhinanthideae-  (Rhinanthus  major, 
B.  minor,  Bartsia  Odontites,  and  Euphrasia  officinalis).  The 
spores  from  Rhinantkus  germinate  on  needles  of  Pinus  sylvestris 
and  produce  an  aecidium  called  Peridermium  Stahlii  Kleb. 
The  aecidiospores  of  P.  Stahlii  average  26/*  in  length,  195/* 
in  breadth,  and  are  round  or  shortly  oval,  with  a  coat  and 
markings  finer  than  those  of  P.  oblongisporium.  The  uredo- 
spores  average  22/*  x  15-5*t;  they  are  irregular  and  somewhat 
angular,  with  a  thin  finely  marked  coat. 

0.  melampyri  (Reb.)  (Britain).  Uredospores  on  Melam- 
pyrum  (certainly  on  M.  pratense).  The  aecidia — Peridermium 
Soraueri  Kleb. — follow  after  a  year  on  needles  of  Pinve  sylvestris. 
The  sperniogonial  pycnidia  alone  are  developed  in  the  summer 
of  infection. 

0.  tUBBilaginis  (Pers.)  (Britain).  This  Coleosporium  is  found 
all  summer  on  the  underside  of  leaves  of  Tusxilago  farfara, 
the  uredospores  forming  yellow  patches,  the  teleutospores  darker- 
coloured  ones.  Aecidia  are  produced  on  needles  of  Pinus 
sylvestris,  and  are  known  as  Puriderviium  Plowrightii.  Pycnidia 
and  aecidia  are  formed  in  the  summer  following  infection. 
The  aecidiospores  average  25'5/i  x  19/*  and  are  shortly  oval 
or  round,  with  coats  and  markings  more  delicate  than  those 
of  P.  Stahlii.  The  uredospores  average  26/*  X  19/i  and  are 
roundish  oval  with  somewhat  firmer  and  thicker  coats  than 
those  of  C.  euphrasiae. 

Klebahn's  infections  of  Petasites  with  aecidiospores  from  Pinus 
gave  no  result. 

0.  inulae  Kunz.  Spores  of  this  obtained  by  Fischer1  from 
Inula  Vaillanlii  and  /.  Selenium  produced  Peridermium,  Klebahni 
Fisch.  on  needles  of  Pinus  sylvestris. 

0.  sonchi  (Pers.)  (Britain  and  U.S.  America).  Klebahn 
considers  this  as  a  provisional  species  including  a  number  of 
imperfectly  investigated   forms   whose   uredo-   and    teleutospores 

1  Berichie  d.  tUuUch.  boian.  Oet.,  1894 ;  Zeitnchri/1  /.  PJtametikrankheiten,  1894, 
and  1895,  p.  73. 
'Botan.  Ctntralbtatt,  ux„  1894,  p.   1. 
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occur  on  various  species  of  Sonchus  (without  doubt  on  8. 
arvensis).  Aecidia  are  unknown.  He  relates  it  to  Peridermium 
Fischeri  Kleb.  on  needles  of  Pinws  syhe&tris. 

0.  synanthereaxnm  Fr.  A  provisional  collective  name  for 
aecidia  on  Adenostyles,  Petasites,  Oacalia,  Senecio,  etc.,  the  life 
history  of  which  is  as  yet  unknown. 

0.  campanulae  (Pers.)  (Britain).  TJredo-  and  teleutospores 
on  Campanulaceae  (Campanula  and  Phytcuma).  The  aecidial 
form  is  Peridermium  Boatrupii  on  pine-needles. 

0.  pulsatillae  (Str.).  Uredo-  and  teleutospores  on  Anemone 
Pulsatilla  and  A.  pratensU.     Aecidia  unknown. 

0.  ipomoeae  (Schwein).  Uredo-  and  teleutospores  on  species 
of  cultivated  Ipomoea  in  United  States.     Aecidia  unknown. 

Fischer '  obtained  pycnidia  on  needles  of  pine  by  infection 
with  a   Colewsporivm  from   Campanula   Trachelium. 


Chrysomyxa. 

The  teleutospores  are  formed  closely  together  in  yellow  son ; 
each  spore  consists  of  an  acropetal  series  of  cells,  the  distal 
one  of  which,  without  leaving  the  sorus,  germinates  to  produce 
a  proruycelium  of  several  cells.  -Uredosporee  are  not  always 
present.     The  aecidia  have  well-developed  peridia. 

Chrysomyxa  rhododendri  (D.  C.).2  This  is  a  common  rust 
on  the  Alps  where  the  Alpine-rose  (Rhododendron  ferrvgineum  and 
B.  kirsutum)  occurs.  Immediately  after  the.  break-up  of  the 
winter  little  dark -red  cushions  of  this  rust  appear  on  the  under- 
side of  the  leaves.  These  contain  the  sori  of  teleutospores 
already  partially  developed  during  the  previous  autumn,  and 
now,  after  hibernation,  ready  to  increase  in  size  and  to  rupture 
the  host-epidermis  (Fig.  211).  The  teleutospores  so  exposed 
germinate  without  leaving  the  sorus,  and  produce  four-celled 
promycelia,  with  sterigmata,  from  each  of  which  a  single 
eporidium  is  abjointed.  The  sporidia  make  their  escape  in 
June,  and  alighting  on  the  unfolding  needles  of  the  spruce 
(Pieea  eaxelsa),  they  germinate  at  once  and  produce  Aecidiitm 
abietinum,  the  blister-mst  of  the  spruce  (Fig.  212). 

An  intercellular  mycelium  is  developed  in  the  spruce-needles, 

'Solan.   Ctntralblalt,  LIS.,   18W. 
*De  Bary,  Botan.  Ztitung,   1879. 
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and  small  yellow  pycnidia  are  produced  during  July  or 
August.  The  aecidia  follow  from  August  till  September, 
occupying  yellow  zones  on  the  otherwise  green  needles ;  their 
white  peridia  project  as  much  as  2  mm.  above  the  surface  of 
the  needle,  and  dehisce  by  rupture  of  the  apex.  The  aecidioBpores 
are  formed  in  large  numbers  and,  carried  by  wind,  reach  leaves 
and  shoots  of  alpine-rose  where  they  immediately  germinate. 
The  resulting  mycelium  produces  in  September  yellow  clusters 
of  uredospores  on  brownish  spots  on  the  lower  epidermis  of 
the  leaves,  and  on  the   bark   of  last   year's   shoots  (Fig.   210). 


Fli>.  20».— CAr|uwu»za  rkedadtwiri.     Twig 

upoiw  an  the  lower  cpfdermii,  muring  dit-  ttednulnm  jtrnwdHwu.     Urodo.pore-iwrl  In 

i-oloured  spote  on  tho  upper,     (v.  Tubeul  September  M  elongated  while  utrnjen  uu  the 

The  uredospores  are  yellow  and  ovoid,  with  granular  protuber- 
ances on  their  coats ;  they  are  developed  in  series  from  the  sori.1 
The  disease  may  be  further  propagated  during  the  same  year 
by  the  uredospores.  In  districts  where  spruce  does  not  occur, 
it  is  probable  that  these  spore3  hibernate,  and  in  the  following 
spring  produce  germ-tubes  which  infect  other  alpine-rose  leaves. 
It  frequently  happens  that  whole  forests  of  spruce  are  so  attacked 
by  this  fungus  that  many  of  the  trees  retain  only  a  few 
healthy  needles.  Diseased  needles  die  and  fall  in  the  summer 
of  attack,  so  that  the  trees  may  be  almost  wholly  stripped, 
and   thereby  suffer  considerable  damage. 

Ohr.  tedi  (Alb.  et  Schwein.)2  (U.S.   America).     This  fungus 

1  Raciborski  regards  the  Undo  om  a  Cneomo-form. 
sDe  Bury,  Boian.  Zeilmig,  1879. 
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occurs  on  Ledum  palustre.  It  ia  difficult  to  distinguish  from 
the  preceding  species,  and  causes  the  formation  of  similar  aecidia 
on  spruces  in  Northern  Germany  and  other  parts  where  Rhodo- 
dendron is  not  indigenous.  Its  uredospores  are  also  capable 
of  hibernating  and  of  propagating  the  fungus  where  spruce  is 
absent. 

Ohr.  bimalayengJB   Bard,  occurs  on   leaves  of  Rhododendron 
arboreum  in   the  Himalaya. 


Hpore-sorvs  which  bu  ruptured  the  tower  epi- 
lermie  at  ■  leaf  of  WuHkxlt.nJron  himtum.    The 

eleutoepores  are  plurioQllulat,  and  one  of  them 

•terigmata,  (mm  which  Uttla  spsridU  are  being 

Flo.  81!.—  Ch>ysomyx.i  rAarfsdiutri 

ibjointed.    (After  Do  Itary.} 

r>n  Sprats.    The  needles  nre  beset 

with  sKlcltn;   dlneoloured  pnrtu  of 

Ohr,  abietis  (Wallr.).1  Needle-rust  of  spruce.  This  is  parasitic 
on  the  spruce  (Picea  excelsa),  and  is  found  on  the  Alps  up  to 
an  elevation  of  over  1700  metres.  About  the  beginning  of 
May  the  hibernating  teleutospores  produce  promycelia  and 
sporidia.  The  latter  germinate  at  once,  .and  the  germ-tubes 
make  their  way  through  the  epidermis  into  young  unfolding 
needles.  The  mycelium  is  well-developed  and  lives  inter- 
cellularly,  sending  haustoria  into  the  host-cells;  it  contains 
yellow  oil-drops,  so  that  by  the  end  of  June  needles  contain- 
ing it  exhibit  yellow-coloured  stripes.  For  the  remainder  of 
the    year    reddish -yellow     elongated     teleutospore-cushions    are 
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formed,  and  in  this  condition  the  fungus  hibernates,  to  develop 
further  in  the  following  spring.  It  is  only  in  very  dry  cold 
winters  that  the  needles  dry  up  and  fall  off;  as  a  rule  they 
remain  on  the  trees.  About  the  beginning  of  May  the  spore- 
cushions  break  through  the  epidermis  and  give  off  multicellular 
teleutospores,  which  are  as  a  rule  branched. 
Thence  ariBe  the  four-celled  promycelia,  with 
sterigmata,  from  which  a  single  sporidium  is 
abjointed. 

Diseased    needles   remain   green    except   in 
areas  inhabited  by  mycelium  ;  yet  needle-cast 
soon  follows  liberation  of  the  fungus-spores. 
Starch  is  laid  up  in  large  quantity  in  diseased 
needles  during  the  first  summer,  but  is  com- 
pletely used  up  again  by  the  mycelium  for  the 
formation  of  the  tu  leu  to  spore -patches.     Spruces 
may  suffer  considerably  from   loss    of   foliage 
3Sl)  b™"l   tT  '"'""""     induced  by  this  fungus,  yet  the  risks  are  by 
no  means  so  great  as  in  the  case  of  Ckryso- 
myjxi   rhododendri   where   the   whole   existence   of   the   plant   is 
endangered. 

Uredospores  are  unknown  for  this  species  and  an  Aecidium 
stage  has  not  as  yet  been  discovered.  Eeess  has  shown  experi- 
mentally that  the  teleutospores  germinate  directly  on  spruce 
without  intervention  of  an  aecidial  stage. 

Chr.  piccac  Bare.     Oil  needles  of  Picea  morinda  in  India. 
Chr.    empetri    (Pers.)    (Britain    and    U.S.    America).      Uredospores    on 
Empetram  nigrum.     Caeoma  empetri  (Pert.)  is  the  aecidial   form. 

Chr.  pirolae  (D.  C)  (Britain  and  U.S.  America).  Uredo-  and  teleuto- 
spores on  Pyrolii.     Aecidia  unknown. 

Chr.  albida  Kuhn.     On   Jtubui  fruticottu  in  Germany  and  U.S.  America. 


Cronartium. 

Teleutospores  unicellular  and  remaining  attached  together 
in  the  form  of  a  long  coiled  process;  they  germinate  i'm 
situ  and  give  off  sporidia.  The  masses  of  teleutospores  arise 
on  the  place  formerly  occupied  by  a  uredospore-sorus.  The 
ovoid  uredospores  are  abjointed  from  short  stalklets  enclosed 
in   sori  with  a  short  peridium.     Aecidia  are  developed  on  other 
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host-plants,  and  several  species  produce  bliBter-rust  on  the  bark 
of  species  of  pine. 

Cronartium  asclepiadeum  (Willd)  (U.S.  America).     Uredo- 
and  teleutospores  occur   on    Cynanchum    Vincetoxicum    (perhaps 


also  on  Gentiana  ascl-epiadea).  The  aecidial  stage,  known  as 
Peridrrmiitvi  Cornui  Eostr.  et  Kleb.  produces  a  bliBter-rust  on 
the  bark  of  Pinus   sylvestris. 


Brown  spots  may  be  found  on  the  leaves  of  the  Cynanehum* 
during  July,  August,  and  September  (Fig.  214).     On  examina- 
tion of  the  spots  with  a  lena,  the  leaf-epidermis  will  be  found 
'A   very  common  plant  in  Europe  though  not  indigenous  to  Britain.    (Edit) 
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pierced  by  a  circular  opening  under  which  lies  the  yellow 
uredoaporc-patch  of  the  Cronartiitm  enclosed  in  its  peridural. 
The  ovoid  yellow  uredospores  have  a  eoat  beset  with  short 
spines  and  are  abjointed  singly  from  short  cylindrical  sporo- 
phores  (Fig.  215).  From  the  uredo-sorus  there  next  arises  a 
protuberance  which  lengthens  till  it  forms  an  elongated  slightly 
curved  brown  cone  or  column  consisting  of  cylindrical  teleuto- 
spores  firmly  built  together  (Fig.  215).  The  teleutospores 
germinate  without  becoming  detached  from  the  mass,  and 
produce  a  four-celled  promycelium  with  small  sterigmata  from 
which  globular  sporidia  are  abjointed.  The  sporidia  on  reach- 
ing the  branches  of  Scots  pine  produce  in  its  bark  at  first 
pycnidia,  later  aecidia.  The  pycnidia  (spermogonia)  give  off 
yellow  drops  of  liquid  with  a  characteristic  odour.  The 
aecidia  are  yellow  thick-walled  sacs ;  their  spores  are  set  free 
in  spring  and   infect  young  plants  of  Cynanchum. 

Since  the  sporidia  of  the  Cronarlium -stage  are  shed  by 
September,  the  fungus  would  seem  to  hibernate  only  in  the 
form  of  mycelium  in   the   branches   of  pine. 

The  effects  of  this  fungus  on  the  pine  will  be  considered 
along  with  those  of  Peridermium,  pini,  another  blister-rust 
of   pine  closely  resembling   this  species  (p.  411). 

Or.  ribicolum  Dietr.  Uredo-  and  teleutospores  are  developed 
towards  the  end  of  summer  on  leaves  of  various  species  of 
Eibes  (e.g.  Kibes  nigrum,  rubrum,  aureum,  alpinum.,  sanguineum, 
amerimnum,  rotundi/oHum,  setasum,  and  Gh-ossutaria).  The 
aecidium-stage  (Peridermium  strati  Kleb.)  forms  the  blister-rust 
of  the  bark  of  Weymouth  pine  (Pinus  Strobus).  Pycnidia 
appear  iu  the  summer  of  infection ;  the  aecidia  a  year 
later.  Externally  this  bark-rust  resembles  that  of  Peridermium 
Corniti  and  P.  pini  on  the  Scots  pine.  It  may  cause  con- 
siderable damage  to  Weymouth  pine  both  in  nursery  and 
plantation.1 

It  is  probable  that  other  two  forms  of  Aecidium  are  identical 
with  this,  viz.,  that  on  Pinus  Lambertiana  in  America,  and 
P.  Cembra  especially  in  Russia. 

Or.  flaccidum  (Alb.  et  Schwein.)  (Britain  and  U.S.'  America). 
Uredo-  and  teleutospores  on  Paeonia-,  causing  the  leaves  to  dry 
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and  curl  up.     In  some  districts  very  common.     Aecidial  stage 
unknown. 

Oymnosporangium.' 
TeleutoBpores  bicellnlar  and  furnished  with  stalks  which  have 
gelatinous   walls,  so   that   the   spores   come   to  form   part   of   a 
gelatinous    mass.1      The    first-formed    teleutospores    are    thick - 


tba  apore-cuthtoiin.  i,  5,  6,  Isolated  spore*  (enlarged! ;  I  It  chio-coated,  tbo 
trthm  are  Illicit  coated.  7,  GBrminating  apore  with  promyeollum  injointlng 
iportdln  <•!).    a,  A  germinating  ■portdliim.    (Alter  Tubouf.) 

walled,   the   succeeding   ones   are   thin-walled.      TJredospores   do 
not  occur.     The  aecidia  have  a  thick   peridium.      The   teleuto- 

1  v.  Tnbeuf :  (1)  Ceniraibloit  f.  Baker.  B.  Parasitn&tauU,  1891 ;  with  a  review 
of  the  current  Literature.  (2)  " Infectionen  mit  Oymnosporangium."  Forstlich- 
ttaturtcit*.  Zeiln-hrifl,  1893,  p.  75.  Woemle,  "  Anatomiscbe  Untereuchiingen  d. 
durcb  (Symnoaporangmm-Arten  hervorgerufenen  Missbildungen,"  idem.,  1894. 
American  Literature,  see  p.  401. 

'The  golatinoua  aubatance  is  obviously  well-adapted  to  absorb  rain-water 
and  so  facilitate  germination  of  the  teleutospores  in  fitu ;  the  sporidia  pro- 
duced are  then  carried  off  by  ruin  or  liberated  after  the  cushions  dry  again. 
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spore;;  grow  on  needles  and  twigs  of  Coniferae,  the  aecidia  on 
the  leaves  of  various  Rosaceae  (Poraaceae).  Five  species  occur 
in   Germany,  but  there  are  many  in  America. 

Oymnosporangium  clavariaeforme  Jacquin.  (Britain  and 
U.S.  America.)  The  mycelium  of  this  species  perennates  in 
twigs  of  Juniptrua  communis.  Infection  is  brought  about  by 
aecidiospores.  In  the  following  year  a  swelling  of  attacked 
places  is  evident,  and  this  increases  till  death  of  the  host ' 
ensues.  In  spring,  about  the  beginning  of  April,  little  light- 
yellow   cone-like    structures    break   out   on   the   swollen   places, 


Fin.  51 H.—  Longitudinal 

Fir..  SIT. -Section  through  *  •welling  on  a  slxMoo-row  twig  of   ajmnoiporanvium  cfs- 

of|Junlp«r  attacked  by  Gjrmnwjwranjl1''"1  lu  Ita   eighth    year;  enrirfformt.         Somewhat 

and  during  rain  swell  up  into  long  club-shaped  sporophores, 
containing  long-stalked,  spindle-shaped  teleutospores,  some  thick- 
coated,  some  thin.  The  sporophores  swell  and  ultimately  form 
a  common  mass  in  which  the  teleutospores  germinate.  The 
spores  have  four  germ-pores,  each  capable  of  giving  off  a 
promycelium  with  pointed  sterigmata  producing  sporidia,  which 
are  cast  loose  and  distributed  by  wind. 

Germination  of  sporidia  takes  place  on  leaves,  cotyledons, 
petioles,  and  shoots  of  various  Pomaceae,  where  they  may 
induce  swellings  or  curvature,  often  to  a  considerable  extent. 
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Experimental  infection  with  teleutospores  of  Gymnoatpor- 
angium  clavariaeforme  from  Jitniperus  communis  gave  the  fol- 
lowing results: 


On  Host- plant. 

Spore-form. 

Authority. 

Crataegus  Oxyacantha, 
Pyrus  communis, 

'.     '.}      (,)     • 

-    Plow  right 

Crataegus  tomentosa, 

-     Jt.  laeerata,     - 

-    Thaxter. 

Crataegu*  Oxydcantka, 

I  ft  laeerata,    ■ 

-    Rttthay. 

„          monogyna, 

Pyrin  com.mv.nvi, 

-      Roestelia  (1),  - 

Pyrus  torminalu. 

-     pycnidia, 

„ 

Pyrus  Malus,    - 

„ 

-    Oersted. 

Amelanchier,     - 

■     R.  laeerata  x, 

-     Thaxter. 

1 R.    laeerata   and 

aecidia  1 

Crataegus  Itxyacanlha, 

-  -1     with  long  tube 
I     peridia, 

shaped  J-Tubeiif. 

Crataegus  grandiftarus, 

-     '1 

„          sanguinea, 

•   >R.  laeerata,     ■ 

>. 

„          nigra. 

■      J 

Cydonia  vulgaris, 

-     only  pycnidia, 

Pyrus  Aucuparia,     - 

-    only  pycnidia, 

Pyrus  lati/olia, 

(pycnidia        and 
\     aecidia, 

little  \ 

(pycnidia.      and 

aecidia  \ 

Cydonia  vulgaris, 

-  i     with  long  tube 
[    peridia, 

shaped  vPeyritach. 

Crataegus  nigra, 

f  pycnidia       and 
\     aecidia, 

little  1 

Crataegu*  Douglasu, 

■•                       1. 

.. 

Pyrus  Aria,      ■ 

-    only  leaf-apota, 

i. 

» 

iy*.,™,,*    .     . 

fpyenidiaandaecu 
1     a  long  peiidhn 

iawith'l 

Notb. — Before  the  relationship  of  the  teleutospore -forms  was  known,  the 
aecidia  were  designated  respectively  :  Rotstelia  laeerata  on  Cratargita,  R.  rontuta 
on  Pyrus  Aucuparia,  and  R.  ptncUlata  on  Apple. 

The  moet  abundant  germination  of  sporidia  takes  place  on 
species  of  Crataegus,  and  pyenidia  (spermogonia)  may  make 
their  appearance  within  fourteen  days  after  infection  on  little 
yellowish  sticky  spots  on  leaves  and  shoots.  By  the  time  conidia 
(spermatia)  have  made  their  appearance,  deformation  may  be 
far  advanced.  I  did  not  succeed  either  in  procuring  germination 
of  the  conidia,  or  infection  by  means  of  them. 
2b 
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The  aecidia  are  developed  about  the  beginning  of  June,  and 
on  Crataegus  their  peridia  in  dehiscing  split  up  into  very 
narrow  lobes  so  as  to  form  a  bristly    tuft   over   the   mouth    of 


each    aecidium.     On    cultivating    infected    plants    of    Crataegus 
indoors,  I  found    the  peridia  to  develop  quite  abnormally ;  they 
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may  be  as  long  as  10  m.m.  and  are  bent  like  a  horn  (Fig,  219). 
A  similar  case  is  described  by  Barclay1  in  which  the  peridia 
of  aecidia  on  Rhamnus  dahurica  were  very  long  if  produced 
in  dry  weather,  but  short  if  in  moist  weather.* 

The  aecidiospores  are  shed  during  the  early  part  of  June, 
and  germinate  at  once  on  the  bark  of  young  juniper-twigs ; 
the  mycelium  growing  thence  into  the  spurs  or  branches  to 
spread  and  hibernate.  Teleutospores  which  germinate  on 
Pomaceae  other  than  species  of  Crataegus  have  apparently  a 
normal  mycelium,  but  produce  pycnidia  only,  or  aecidia  with 


peridia  differing  from  those  on  Crataegus.  My  own  experiments 
on  the  quince  and  mountain  ash  regularly  produce  pycnidia  only. 
Wakker8  summarizes  the  anatomical  changes  induced  in 
deformed  shootB  of  hawthorn  as  follows :  cork,  collenchyma, 
sclerenchyma,  and  chlorophyll  are  not  formed,  lignification  of 
the  cellB  of  medullary  rays  no  longer  takes  place,  and  there 
are  few  intercellular  spaces.  *  Interfascicular  cambium  is  not 
formed,- while  activity  of  the  intrafascicular  cambium  is  suspended 
at  an  early  period,  so  that  the  vessels  remain  incompletely 
developed.  The  epidermis  is  irregularly  formed  and  liable  to 
rupture.  All  parenchymatous  cells  undergo  enlargement  in  a 
radial  direction.  Starch  is  stored  up  in  large  quantity,  and 
the  formation  of  calcium  oxalate  is  diminished. 

1 "  On  the  life-history  of  Puccinia  coronaia  rar.  himalensis,"  Trans.  Lvmean 
Sac,  London,  1891. 

5  This  probably  is  the  explanation  of  the  long  peridia  obtained  by  Peyritach 
and  described  by  Mftgnna  {Berichte  d.  naturwisi.  medic.  Verem,  Innsbruck,  1892-93). 

3  Prmgshrim'*  Jahrbueh,  1892. 
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The  anatomical  changes  induced  in  diseased  plants  of  Juniperwt 
communis  by  G.  clavariacfonne  were  investigated  by  Woernle 
under  my  direction.  His  results  were  these:  in  vigorous  branches, 
increased  growth  took  place  in  the  wood,  bast,  and  rind;  in 
weakly  and  poorly-grown  branches,  the  wood  increased  less  in 
proportion  to  the  bast  and  rind.  The  most  marked  increase 
took  place  in  the  bast,  and  to  an  almost  equal  extent  all 
round  the  branches.     This  abnormal    growth   absorbs  so    much 


F(o.  321.— CroH-»ction  of  n  tmrt  of  Fio.  222.  —  Uodial  longitudinal  section 

Grenchyma  In  h   malformed  Juniper-  through  a  Bono  of  parenchyma  similar  ti> 

ig.    (After  Woartila.)  Fig.  HI.    (After  tfoorulo.) 

water  and  plastic  material  that  higher  parts  of  the  branch 
gradually  die  off,  and  dormant  buds  break  out  on  the  swelling. 
Increased  growth  results  in  increase  in  the  number  of  medullary 
rays,  while  in  the  tangential  Bection  their  height  is  increased 
from  2-10  cells  to  10-20  and  more;  the  wood  parenchyma  is 
also  more  abundant,  and  together  with  the  rays  frequently  forms 
large  masses  of  parenchyma  in  the  wood  (Figs.  220-223).  The 
tracheae  no  longer  follow  a  straight  course,  and  numerous 
intercellular  spaces  appear  between  them ;  the  tracheal  walls 
frequently  become  thickened  and  have  an  increased  number  of 
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fissure-like  pores  in  place  of  bordered  pits.     The  wood-elements 
in  cross-section  are  no  longer    round    but    polygonal ;    the  bast 
becomes  very  irregular,  parenchyma  grows  rapidly,    bast   fibres 
remain  thin-walled  and  have  no  longer  a  straight  course.     The 
mycelium  fills  the  bast  and  rind,  forming  masses  in  the  inter- 
cellular spaces ;    it  is  easiest    found    in    the    tangential    section. 
On  the  fall  of  the  club-shaped  sporophores,  a  scar  is  left  and 
under  it  will   be  found  a  layer 
of  cork  many  cells  thick  ;  when 
new  sporophores  are  formed  in 
later  years,   they   seldom    break 
through     the     cork    layer,    but 
emerge  through  some   new  por- 
tion of  the  bark. 

Gymnosporangium  tremel- 
loides  Hartig  *  on  Junipcms  com- 
munis. The  sporocarps  of  this 
species  occur  on  the  branches 
and  needles;  its  aecidia — Roe- 
stelia  penicillala — on  leaves  of 
apple  (Pyrtts  Mains),  Pyrus  Aria 
and  P.  Chamaemettpilus.  This 
floestelia  is  externally  very  like  Fro.  Ms—T^pntw  loDgitadimi  «e- 

J  "  tluD     through     tbs     pnreucbymH-DjDC    01 

that    of     G.    clavariaeformc    on        "*■  aft    <*"«  womb.) 
Crataegus.    The  markings  on  the 

cells  of  the  peridium  consist  of  somewhat  wavy  lines,  not  of 
short  rod-like  markings  as  in  M.  comuta ;  and  the  cells  of  the 
peridium  are  joined  by  a  characteristic  hinge-joint  (Fig.  224, 
19  and  20). 

The  mycelium  perennates  in  the  rind  of  Juniperus  communis 
and  J.  nana,  causing  thickening  of  the  twigs  and  a  premature 
death  of  the  distal  portion  above  the  swellings.  The  chocolate- 
brown  velvety  spore-cushions  break  out  between  the  bark-scales 
on  the  swollen  places,  about  the  middle  of  April  (Fig.  225,  l). 
The  teleutospores  are  two-celled,  the  earlier  formed  ones  being 
short,  ovoid,  and  slightly  pointed  at  each  end,  while  the 
later  ones  are  thinner-walled  and  often  more  elongated 
(Fig.  225,  6io). 
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In  May  or  June  the  cushions  swell  up  and  become  large 
brownish-yellow  gelatinous  clumps,  dotted  over  with  dark  points, 
the  teleutospores.  Promycelia  arise  from  one  or  more  germ- 
pores  in  each  spore,  and  give  off  basidia  with  sporidia  (basidio- 


Aicidia  ant  Pgcnidia  of  ntioat  ipecfea  of  Qy, 
<t<--l  and  !,  aecidla  on  loaf  of  Py.r.  Aria :  5 
(uj  ;    a  and  2t>.  portions  of  the  porldium  of 
peculiar  articulation  of  the  cell*. 
•IU-J  and  i,  aecidis  on   Pyrin  Aucaparia; 

vfltnu—Q  and  10,  aeddia  on  Pinui  lattfolia  ;  1 

nd  Gr  aocldia  on  leaf 
n  aeddlum  from  S, 

7  and  S,  aecidla  on 

7,  uecidia  on  CmUttgHe  Oxywanifint  indoor  cu 
now  bearing- pjcnidia.    (After  Tubnif.) 

spores)  capable  of  immediate  germination.  The  gelatinous  mass 
dries  up  from  time  to  time,  leaving  a  bright  yellow  scar  on 
the  swollen  part  of  the  host-branch.  The  sporidia  germinate 
most   easily    on   species    of    Sorbus  (Pyms).      Infections    with 
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Gymnosporangium  juniperinum  L.  and  6.  tremdloides  Hart,  from 
twigs  and  needles  of  Juniperus  communis  produced : 


On  Host-plant. 

Spore-form. 

Authority, 

Pyru*  (Sorbin)  Ancuparia 

-     Rottelia  cornuta, 

-    Tubeuf. 

Aronia  rotundtfolia, 

-    short  aecidia, 

-     RAthay. 

Pyru*  (Sorbut)  Aria, 

I  pycnidia, 

Cydonia  vulgaris, 

-    Roe*telia(T),  - 

„ 

Pyrut  (Sorbin)  Ancuparia 

-        -             (?)          - 

Plo  wright. 

-     Thaiter. 

Amelanchier  canadensis. 

*     Rottelia  cornuta, 

Pyru*  (Sorbin)  Aria, 

-     R.  penicillata. 

-     Hartig. 

•    Nawaechiu 

Pyrut  (Sorbtu)  Chamaeme 

tpilus,        -     R.  penicillata, 

-    

Jfelpilttt  macrocarpa, 

-    spots,     - 

-    Peyritsch. 

Pyrut  communis, 

■    thick  spots,    - 

„ 

Pyrin  (Sorbm)  Aria, 

-    pycnidia  And  aecid 

Pyrin  (Sorbut)  Aria  x  Ch 

amaemesp.,     thick  spots,    - 

„ 

Pyrin  Malm,    - 

-    pycnidia  and  aecid 

a,      -          „ 

Pyru*  (Sorbut)  Chamaeme. 

pilut,        -    pycnidia  only, 

Pyrin  (Sorbin)  A  ucuparia 

,         -         -     pycnidia  and  aecid 

Aronia  rotundifolia, 

„ 

Pyrin  (Sorbin)  torminati* 

-     pycnidia  and  spots 

only, 

Cratatgut  Pyracantha, 

Cydonia  vulgaris, 

„                     , 

Pyrin  Malm,    - 

-    Rostra  p. 

Formation  of  pycnidial  spermogonia  always  precedes  that 
of  aecidia. 

This  fungus  is  of  practical  import  on  account  of  its  occurrence 
on  leaves  of  apple-trees.  Its  attacks  may  be  very  virulent 
and  widely  distributed.  Eriksson  mentions  that  near  Stockholm 
it  is  common  on  apples,  and  so  virulent  that  many  trees  have 
every  leaf  studded  with.  Roestdia.  (American  apple-trees  suffer 
from  Roe&telia  pirata,  the  aecidia  of  Gymnosporangium  macropus 
and  other  species.    See  p.  402.) 

Gymnosporangium  junipermum  (L.)  (G.  conicum  Hedw.) 
(Britain  and  U.S.  America).  This  species,  also  frequenting 
Juniper  us  communis,  is  distinguished  by  its  shorter  spores, 
which,  as  Dietel  pointed  out,1  have  a  colourless  papilla  over 
each  germ-pore.  The  teleutospores  are  found  on  both  twigs 
and  needles,  on  the  former,  however,  they  are  much  smaller 
ZeitKkriJt,  1895,  p.  378. 
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than  those  of  G.  tremelloidcs.  The  aecidiospores — Botstelia 
cornuta — occur  on  species  of  Pyrus  (S&rbus);  they  are  much 
smaller  than  those  of  Boestelia  pmicillata.  The  Boestelia 
themselves  are  long,  curved,  and  horn-like,  while  the  walls  of 
the  peridial  cells  are  beset  with  short  processes  (Fig.  224). 
Where  Pyrus  Aucuparia  occurs  mixed  with  Pyrus  Malus, 
it  has  been  observed  that  Botstelia  cornuta  is  confined  to  the 
former  species   exclusively.     The    Boestelia    is    the    cause    of   a 


Hnoiu  cuihlou  arranged  to  show  ita  lower  surface ;  U,  Juniper-needle  with  three 
Hpofe-cuahLoDB ;  5,  young  Juniper  plan' ' 

wiill;  11,  cell  of  a  proniyceHujn  with 
■porldluin.    (Alter  Tubeuf .) 

marked  deformation  of  leaves,  petioles,  and  even  (though  rarer) 
fruits  of  Pyrus  Aucuparia  and  Aronia  rotundifolia,  both  in 
the  lowlands  and   mountains. 

I  have  produced  Boestelia  cornuta  on  Pyrus  Aucuparia  by 
artificial  infection  with  portions  of  spore-cushions  from  twigs 
of  juniper,  and  have  observed  a  mountain  ash  in  closed  forest, 
with  abundant  Roestelia,  directly  beneath  an  overhanging  juniper 
with  diseased  needles. 
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Woecnle  investigated  the  anatomical  changes  induced  by  the 
various  Gymnasporanrjia  frequenting  the  twigs  and  needles  of 
Juniperus  communis.  In  the  needles  the  mycelium  lives  inter- 
cellularly,  at  first  outside  the  endodermis,  but  later  also  penetrating 
within  this.  The  aporogenous  cushions  originate  on  the  upper 
surface  of  the  leaf  to  right  and  left  of  the  middle  nerve, 
where  the  stomata  occur  and  hypoderm  is  absent.  At  these 
places  a  cushion  or  stroma  of  pseudoparenchyma  is  produced 
and  ruptures  the  epidermis  (Fig.  226).  This  however  is  at 
once  healed  over  by  a  cork-formation  round  the  margin  of  the 
cushion,  again  to  be  ruptured  as  the  latter  increases  in  size, 
once  more    to    be    healed   by  cork-formation,   and   so    on.     In 


:  double  outline  Indicate!  the  hypoderm ; 

oentnl  FSMIllir  bundlo  and  an  u 

□darlylng  resin-canal  tn  tbowD.     (After 

Woemle.) 

this  way  a  corky  layer  is  formed  under  the  sporogenous  cushion 
and  gradually  displaces  it.  If  in  a  following  year  the  cushion 
be  again  formed,  the  scar  is  ruptured  and  heals  as  before. 
Needles  frequently  remain  in  position  for  two,  three,  or  four 
years,  but  most  of  them  fall  off  in  the  first  autumn.  Under 
the  sporogenous  cushion  the  cells  of  the  mesophyll  increase 
both  in  number  and  size. 

In  considering  the  twig-deformations,  Woernle  distinguishes 
the  form  assumed  by  the  Gymnoaporangium  on  the  needles,  as 
just  described,  from  a  form  which  inhabits  the  thicker  twigs. 
Both  cause  deformation  of  twigs,  but  their  effects  differ  as  follows: 
"The  needle-inhabiting  form  can  only  cause  a  slight  swelling 
extending  almost  regularly  round  the  whole  twig;  the  twig- 
inhabiting  form,  on  the  other  hand,  always  gives  rise  to  a  very 
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marked  swelling  on  one  aide  only  (Fig.  227).  In  the  needle- 
form  the  swelling  results  from  increased  growth  of  the  rind, 
with  a  simultaneous  decrease  of  growth  of  the  wood ;  in  the 
twig-form  the  growth  of  both  wood  and  rind  is  much  increased. 
With  the  twig- in  habiting  form  the  medullary  rays  and  wood- 
parenchyma  increase,  and  at  the  same  time  become  filled  with 
mycelium  (Fig.  228);  whereas  with  the  other  form  the  medullary 
rays  are  at  most  only  somewhat  broader,  and  no  mycelium  can 
be  found  in  the  wood.     The  greatly  swollen    rind    in    the   case 


wood    bauuth 
ouch  thickened  i  Ihe  n 


id  towards  the  elements  are  much  displaced  by  abnormal  t 

0  up  by  tract*  of  parenchyma.    (Only  Olio  of  the  Utter  has 

oemlo.)  flllodiu,  theutbers  left  bl»nk.)    (AfterWoet 


(After  Woernle.) 

of  the  twig-inhabiting  form  is  due  more  to  increased  growth 
of  the  cortical  cells  than  to  increase  of  bast-parenchyma;  in 
the  needle- form,  however,  the  swelling  is  the  result  of  increase 
of  the  bast,  especially  of  the  bast- parenchyma.  In  twigs 
infected  by  the  needle-form,  the  mycelium  may  be  found  all 
round,  but  it  has  difficulty  in  making  its  way  radially  to  the 
cambium;  in  the  twig-form  the  mycelium,  as  early  as  the 
spring  following  infection,  will  be  found  to  be  in  close  contact 
with  the  cambium  on  the  infected  side,  although  it  requires 
several  years  to  pass  round  to  the  cambium  on  the  opposite 
side  of  the  twig.  The  mycelium  and  spores  of  the  two  forms 
differ  little  from   each   other." 
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The  strikingly  characteristic  cleavage  of  the  wood  by  the 
overgrown  elements  of  the  medullary  rays  and  the  wood- 
parenchyma,  in  the  case  of  the  twig-inhabiting  form,  will  be 
seen  from  the  figures  (Fig.  2  2  9).  As  already  noticed,  the 
eporogenoue  cushions  are  generally  formed  on  one  side.     After 


outer  ynsr-riiig..     (After  1 

the  shedding  of  the  cushion,  a  corky  layer  arises  in  the  paren- 
chyma underneath  it,  and  so  a  bark-scale  is  produced. 

Gymnosporangium  sabinae  (Dicks.).  (Britain.)  The  mycel- 
ium hibernates  chiefly  in  Juniperus  Sabiiia  (Savin),  and  induces 
swellings  on   the   twigs.      It   also    occurs    on    J-itn.    Ojx/cedrtts,1 

1 1  found  this  host-species  near  FinniL'. 
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Jun.  vtrgiwiana,  and  Jim.  pTiomicea.      (A  reported  occurrence  on 
Pinus  kalepensis  is  probably  an  error.) 

The  sporogenous  cushions  are  little  dark-brown  protuberances 
which    break    forth    in    spring    from    swellings,    or    on    green 


FlQ.  2SO-— Oi/ninoijKiraneiun  rtbinat  on  twl((»  of  /uiiiiino  StMna,  .t  the  time 
of  liberation  of  spores,     (t.  Tubeuf  phot.) 

twigs  and  scale-leaves.  These  bodies  absorb  water,  swell,  and 
run  together,  forming  transparent  gelatinous  masses  (Figs.  230 
and  231).  The  teleutospores  resemble  those  of  6.  juniperinum, 
but  have  only  four  germ-pores ;  they  germinate  on  the 
gelatinous  masses,  and  produce  promycelia  and  sporidia.  The 
latter  germinate  at  once,  chiefly  on  leaves  of  Pyrus  com- 
munis. The .  pycuidia  are  produced  on  the  upper  epidermis 
as  sticky  yellow  spots  bearing  darker  dot-like  pycnidia.  The 
aecidia  (Roesielia  amccllaia)  are  found  in  September  on  the 
uuder-surface  of  the  leaves  of  pear,  bIbo  on  leaf-petioles,  young 
shoots,  and  even  on  the  fruits.     The  peridia  differ  from  both 
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the  species  already  described  in  remaining  closed  at  the  apex, 
the  spores  escaping  through  trellis-like  slits  on  the  lateral  walls 
of  the  peridia  (Fig.   234). 

This  fungus  will  not  germinate  on  apple-trees,  but  on  pears 
every  leaf  may  be  thickly  covered  with  aecidia  and  pycnidia, 
and  considerable  damage  to  the  crop  thereby  ensue  (Fig.  233). 


Pm,  Ml.— Longitudinal  Mctlon,  through 
conical  teleutotpore-Borut  of  (lymno- 
orangiun  Sabintu.    {Alter  Woernle.) 


The  elongated  tl 
lighter  in  culour  tl 
(After  Woernle.) 


c  thick. milled. 


Infections    on   various    hosts  with    Gymnospomnyium   sabinar 
from  JunipentJt  Sabina  gave : 


Od  Hori-  plant. 
Pyrin  communis, 
Crataegus  Oxyacantka, 
Metpilui  germaiiica, 

Pj/ntM  communis, 
,,      Micltauxii, 


Pyrin 
Pyrin 

Crataegus  Oxy acanthi 


Spore-form. 

(i)     -      ■ 

Rottelia  canceUata,  - 


(• 


Plow  right. 

Oersted  and  De  Bary. 

Rithay,  Tubeuf,  etc 


E.  Fischer. 
Klebahn. 
„         (uncertain). 
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The  anatomical  changes  exhibited  in  diseased  parts  of  pear- 
leaves  have  been  briefly  described  by  Fentzling.1  He  found  a 
radial  elongation  of  the  cells  of  the  spongy  parenchyma  and  au 
accompanying  accumulation  of  starch.  Wakker,  about  the  same 
time,  obtained  similar  results  in  the  case  of  Crataegus  Oxyacantka 
deformed  by  G.  clavariaeforvie  (see  p.  387).  Wakker  observed 
a  diminished  formation  of  calcium  oxalate ;  Fentzling,  however, 
found  increased  deposit  of  the  same  salt,  not  only  in  the  form  of 


leaviw  of  Few.     A  fuw  twige  allowing  the  abundance  of  mcfula  ovor  the  whole 
treo.     (v.  Tubeuf  phot.) 

isolated  crystals  but  as  masses.  Cork-formation  was  suspended 
in  Wakker's  case,  while  in  Fentzling's  a  partial  formation  of 
cork  was  distinguishable  beneath  the  epidermis.  The  increased 
thickness  of  diseased  leaves  is  due  principally  to  multiplication 
of  the  spongy  parenchyma,  the  upper  layers  of  which  frequently 
become  more  or  less  palisade-like  When  pyenidia  (spermogonia) 
are  formed  on  the  upper  leaf-surface,  the  palisade  parenchyma 

n  (Rivtita  di  Palologia  Vegetule,  II.),  also  describe 
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of  the  spot  in  question  is  either  completely  destroyed  or  trans- 
formed into  irregular  cells,  separated  by  intercellular  Bpaces. 

The  anatomical  changes  in  swellings  (Fig.  235)  induced  by 
G.  sabinae  on  Juniperm  Sabina  were  investigated  by  Woenile 
with  the  following  results.  Wood,  bast,  and  rind  are  increased 
round  the  whole  circumference  of  the  stem.  Along  with 
the  broadening  of  the  year-rings,  however,  there  occurs  a 
change    in    the    structure    of   the    diseased    wood.     The    same 


Fid.  m— A  few  lavtn  enlarged  from  Flo.  233.  The  leaf  to  left  hand  beara 
pycnidla  on  red  apots  on  Che  upper  aurlace  of  the  leal ;  the  remaining  leave,  bear 
aecidia  on  rafted  portions  of  their  aurtaeo.  Several  aecldia  etlll  further  enlarged 
•  how  the  perldia  dohlacing  b j  longitudinal  allta.    (v.  Tubeuf  del.) 

tissues  occur  in  the  year-rings  as  already  described  for  G. 
davariaeforme,  viz.  thickened  twisted  tracheids,  loosely  connected 
together  and  with  fissure-like  pits;  medullary  rays  more 
numerous  and  broader ;  the  limits  of  the  year-ring  difficult  to 
distinguish ;  and  a  yellow  pigment  deposited  in  the  walls  of 
all  the  elements.  A  tissue  of  this  nature  may  be  found  round 
the  whole  circumference  of  a  twig  even  in  the  first  year  after 
infection,  and  regularly  each  succeeding  year.  Woenile  only 
rarely     found     zones     of    irregular     cell-formation     like     those 
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characteristic  of  G.  davariaeforme.  No  mycelium  occurred  in 
the  wood.  A  comparison  of  normal  bast  with  that  of  infected 
twigs  revealed  changes  similar  to  those  already  described  for 
G.  davariaeforme.  In  addition,  it  is  to  be  noted  that  the 
thickened  bast-fibres  no  longer  occurred  in  closed  masses,  but 
were  often  completely  absent  in  the  first  year  after  infection, 
while  in  all  diseased  twigs  every  intermediate  stage  exists 
between  thin-walled  bast-elements  and  thick-walled  bast-fibres, 
such  as  never  occur  in  the  normal  twigs ;  in  fact,  many  twigs 
had  thin-walled  elements  only. 


).—  Bectiom  of  a  twtg  of  Savin  attacked  by  O.  «■&'»•■. 

howb  one  of  the  hollow  taloutoapore-cuahiou* ;  fi*e 
ana;  tu  the  second-year  ring  are  two  abaded  ion** 
chiefly  computed   of   parenchyma.      <x  IS.)     (After 


The  sporogenous  cushions  of  G.  sabinae  are  formed  in  quit* 
a  different  manner  from  those  of  G.  davariaeforme.  Beneath 
each  cushion  the  bast  increases  very  rapidly  and  forms  an  out- 
growth, which  is  still  further  enlarged  by  the  addition  to  its 
apex  of  six  or  seven  rows  of  radially  arranged  cells,  rounder 
and  smaller  than  the  bast-cells  of  the  cushion.  The  mycelium 
penetrates  between  these  outer  cells,  aud  forma  over  the  whole 
cellular  outgrowth  a  pseudoparenchyma  from  which  the  sporo- 
genous tissue  arises. 
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A  sharply  defined  roundish  scar  of  a  light-yellow  colour 
remains  after  the  spores  are  cast.  This  is  composed  of  a 
superficial  layer  of  coloured  pseudoparenchyma,  with  an  under- 
lying scar-tissue  of  characteristic  constitution.  The  latter  con- 
sists of  several  layers  of  cork-cells  extending  from  one  edge  of 
the  scar  to  the  other,  separating  the  cushion  from  the  twig- 
tissues.  This  scar-tissue  is  not  broken  through  next  year,  but 
the  new  sporogenous  cushions  break  out  through  other  parts 
of  the  bark  (Fig.   236). 

0.  confasora  Plowright.1  (Britain.)  This  is  found  on 
Juniperus  Sabina  along  with  G,  sabinae,  from  which  it  is 
difficult  to  distinguish.  Pycnidia  and  aecidia  are  produced 
generally  on  Crataegus  Oxyacantha  and  Gydonia  vulgaris,  rarely 
on  Pyrus  communis.  The  aecidia  on  Crataegus  resemble  those 
of  G.  clavariae/orme  on  the  same  host,  and  dehisce  by  the 
ruptured  apex  of  the  peridium.  Those  produced  on  Pyrus 
communis  are  distinguished2  from  aecidia  of  G.  sabinae  on 
the  same  host  by  dehiscing  through  the  open  apex  of  the 
peridium. 

Infections  of  Gym.  c&nfusv.m  from  Jimipertts  communis  gave 
the  following  results : 

On  Host-plant.  Authority, 

<x»*.*„*  .  -  {»r£t,";dridr""*.w"h}EF—''' 

Crataegus  Oxyucantha,         ■  „  „  „  „ 

Pyrus  communis,  -  „  „  „ 

Crataegus  OxyacantAu,         -  „  „  „  Ptowrjfttit 

The  following  American  species  of  Gymnmporangium  have 
been  described:3 

On  Arborvitae  or  white  cedar-. 

0.  biseptatnm  Ellis.  On  twigs  and  needles  of  Chamaccyparis 
thyoides  and  Libocednu  decurrens.  The  aecidia  on  Crataegus 
tomentosa  and  Amelanchicr  canadensis. 

1  Flowright,  Linnean  Soe.  Journal  {Botany),  1887-  E.  Fischer,  Zeituchrift  f. 
PJIanzenlraniheiten,  I.,  1801;  with  summary  of  literature.  Klebahn,  Forstl.- 
naturwis*.  Zciterhrift,   II.,  1893. 

'  E.  Fischer  {toe.  eit.). 

•Fallow,  The  Development  of  tltt  Oymnosporangia  of  tilt  United  States,  1888, 
and  other  papers.  Thaxter  in  various  papers  on  Gymnosporangia,  1886  to 
1881.  Habited  (Report  on  Vegetable  Pathology  for  18S8,  U.S.  Dept.  of  Agri- 
culture) gives  a  remmie,  with  description  and  figures  of  0.  macropus  and 
treatment  for  orchard-nut.-  Fischer,  Ztitechrift  f.  PJIamenhrankheilen,  I.,  1891. 
2C 
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G.  Ellisii  Berk.  On  Ckamaeeyparis  thyoides.  The  aecidial 
stage  on  Pyrus  Mains  and  P.  arbutifotia. 

On  red  cedar  (Junipews  virginwna) : 

Q.  macropns  Lk.  The  aecidia  and  pycnidia  occur  on  Pyrus 
Mains,  P.  conmaria,  P.  arbuti/olia,  Crataegus  lomentosa,  C. 
Douglasii,    and    Amelanchier    canadensis ;     they    are    known    as 


Kinfalait,     (Alter  Cym.      BIliiiL         (Alter  (V«i».    man 

Tile.)  Woernle.)  Woernle.) 


Roestdia  pirata.  This  is  one  of  the  commonest  causes  of 
apple-rust  and  of  the  deformation  known  as  "  cedar  apples  "  (Fig. 
240).  The  anatomy  of  the  latter  structures  has  been  described 
by  Sanford.1 

O.  clavipes  Cooke  et  Peck,  occurs  on  Juniperus  communis. 
Its  aecidia  and  pycnidia  are  found  on  Pynts  Mains,  P.  arbuti- 
folia,  and  Amelanchier  canadensis. 

'Sanford,  Annals  of  Botany,  I.,  1887. 
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O.  (jlobosnm  Farl.  Aecidia  on  Pyrus  Malm,  P.  communis, 
Cydonia  vulgaris,  Sorfais  americana,  and  species  of  Crataegus. 

0.  nidus  avis  Thaxt.  Aecidia  and  pycnidia  on  Pyrus  Mains, 
Amelanckier  canadensis,  and  Cydonia  vulgaris.  On  the  red  cedar 
it  causes  the  "bird's  neat"  deformation  of  the  branch-system. 

G.  spociosum  Peck.  On  Juniperus 
occidentalis. 

G.  Oanninghamiantun  Barcl.  On 
Cyprmus  torulosa  in  the  Himalaya. 
Aecidia  on  Pyrus  Paehia. 

The  following  genera  do  not  occur 
in  Europe.  Coleopuccinia,  Ravenelia, 
Alveokiria,   Trickospora. 

Ravenelia  alone  amongst  these 
contains  parasitic  species  of  import- 
ance. They  all  occur  on  Leguminosae 
and  Euphorbiaceae  in  the  warmer  parts 
of  India,  Africa,  and  America.1 

Ravenelia  Volkensii  Heim.  has  teleutospore-sori  which  appear 
on  "  witches'  broom  "  deformations  of  the  twigs  of  an  Acacia  in 
Usambara. 

Rav.  pymaea  Lager,  et  Diet,  produces  its  teleutospores  on 
malformed  branches  of  Pkyllanthus  in  Ecuador. 

Certain  forms  of  Aecidium  which  cause  deformation  of  species 
of  Acacia  should  probably  be  included  in  this  genus  (see  p.  410). 


Pis.  UCi.— (Mar  Appla   c 

by     Oranntooraiun—      

(t.  Tubeuf  del.) 


Endophyllum 

Teleutospores  originate  serially  on  cushions  which  are  enclosed 
in  a  peridium  similar  to  aecidia ;  on  germination,  a  four-celled 
promycelium  is  produced.1  Leaves  of  Euphorbia,  Sedum,  or 
Semptrvivum  inhabited   by  mycelium  develop  abnormally. 

Indophyllnm  euphorbiae-silv&ticae  (D.  C.)  (Britain).  Accord- 
ing to  Winter,  the  peridia  are  regularly  distributed  over  the 
underside  of  the  leaf  of  Euphorbia  amygdaloides ;  they  have 
white  fissured  margins  either  erect  or  somewhat  turned  back. 

■Dietel,  "The  Genua  Ravenelia,"  Hedwigia,  1894. 
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Spores  yellow  and  polygonal.  Leaves  when  attacked  remain 
broad,  short,  and  pale  coloured. 

E.  aempervivi  (Alb.  et  Schw.)1  (Britain).  The  aecidium-like 
patches  of  teleutospores  occur  on  wild  and  cultivated  species  of 
Sedum  and  Eschexeria.  The  spores  produce  promycelia  from 
which  arise  sporidia  which  germinate  on  the  same  host-plant. 
True  aecidia  are  unknown,  but  orange-red  pycnidia  (spermo- 
gonia)  may  occur.  Leaves  of  attacked  plants  are  pale  and 
abnormally  lengthened.* 

E.  sedi  (D.  C).     Teleutospores  occur  on  species  of  Solum. 

The  genus  Pucciniosira  found  in  Ecuador  contains  few  species, 
and  none  of  them  important  parasites. 


Aecidium-Forms 
The  relationships  of  u-kich   arc  uncertain. 

Aecidium  elatinnm  Alb.  et  Schw.  (Britain  and  U.S.  America). 
The  witcheB'  broom  of  the  silver  fir.*  This  Aeridiwm  is  widely 
distributed  in  forests  containing  silver  fir  (Abies  pectinata), 
and  produces  canker  of  the  stem  frequently  accompanied  by 
that  deformation  of  the  branch  system  known  as  a  witches' 
broom. 

In  Germany  it  has  also  been  observed  on  Abies  Nordmanniana, 
A-  cephalonica,  A.  Pinsapo;  in  North  America  on  A.  balsamea; 
and   in   Siberia  on  A.  Pichta. 

As  a  result  of  the  presence  of  this  fungus,  globose  or  barrel- 
shaped  swellings  make  their  appearance  on  stems  and  branches 
of  all  ages  and  on  all  parts  of  the  trees.  A  single  stem  may 
carry  one  or  many  of  these,  and  they  continue  to  increase  with 
its  growth.  If,  as  is  frequently  the  case,  the  bark  covering 
the  swelling  becomes  ruptured  and  partially  detached,  then 
the  wood  left   uncovered   becomes  a  wound,  and   falls  an  easy 

'Leveille,  Bullet.  Science.  Matur.,  xvi.,  1625. 

niluotratcHl  in  Kernor's  Natural  History  of  Plant*,  English  Edition  (Fig.  368). 

*De  Bary,  Botan.  Zeitung,  1867.  Weise,  "Zur  Kenntniss  d.  Weisslaanen- 
lirebses,"  Mundater  ForiUiche  Hejie,  1891.  Heck.,  "  Dtr  WtinttaMta&rtbt." 
Springer,  Berlin,  1894 ;  with  Illustrations  and  Bibliography. 

The  canker  is  common  throughout  Britain,  hut  witches'  brooms  have  not 
been  often  recorded.     (Edit.) 


dbyGoogle 


AECEDIUU-70RMS. 


prey  to  wood -destroying  fungi.1  The  presence  of  such  rotting 
spots  renders  the  tree  liable  to  break  over  in  their  neighbour- 
hood, while  they,  as  well  as  the  swellings  on  the  trunks,  cause 
a  considerable  depreciation  in  the  value  of  the  timber. 

The  malformations  of  the  branch-system  known  as  witches' 
brooms  are  frequently  induced  by  this  fungus.  They  occur  as 
a  rule  on  the  horizontal  branches  and  form  a  richly  branched 
bush    easily    distinguished,    even    at    a    distance,   by   a   marked 


Fio.  ML—  WUtM  B>van  nf  Silctr  Fir  (winter  condition).  Tha  noodloa,  with 
-pons  of  Accidium  clatiniun,  have  fallen  off,  but  the  normal  foliage  romalna. 
<».  Tnbeuf  phot) 

negative  geotropy  of  its  twigs.  The  brooms  not  unfrequently 
start  from  a  marked  basal  swelling.  They  may  be  found  of  all 
sizes,  on  young  as  well  as  old  trees,  on  any  part  of  the  branch- 
system,  and  in  all  localities  where  the  fir  occurs  (Figs.  241 
and  242). 

The  aecidia  of  Aetidiitm  elatinum  are  developed  only  on  the 
deformed  needles  of  the  witches'  brooms.  These  needles  are 
produced  anew  each  spring,  live  only  one  season  and  are  cast 
i   particular   accompany   this 
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the  same  autumn ;  they  are  small,  one-pointed,  and  pale  from 
an  almost  complete  lack  of  chlorophyll.  In  these  respects  they 
are  quite  distinct  from  the  larger  double-pointed  normal  needles 
with  their  dark-green  colour  and  a  period  of  growth  extending 
over  several  years.  All  the  needles  on  a  broom  are  as  a 
rule  stunted  in  the  manner  described,  yet  single  branches 
may  be  found  with  needles  quite  normal ;  such  contain  no 
mycelium,  or,  if  so,  it  has  found  its  way  in  too  late  to  have 
any  effect  on  their  growth. 


Fio.  2ll.-mte>iu'  fliwow  V  Sitter  Fir  (■uminor  condition).     Ttat  markedly 
negative  gootropic  broom  hu  its  origin  in  a  distinct  tmsal  ou'elling.    («.  Tubeuf 

The  various  tissues  of  the  witches'  brooms  also  undergo 
considerable  modification  as  compared  with  normal  twigs.  A 
thicker  and  softer  bark  is  present,  due  to  the  parenchymatous 
cells  of  both  outer  rind  and  bast  having  enlarged  in  size  and 
increased  in  number ;  the  cork  layers  are  also  abnormally  in- 
creased. The  same  changes  may  be  observed  in  the  rind  of  the 
swellings,  and  to  this  their  increased  size  must  be  chiefly  ascribed. 
The  wood  both  in  twigs  and  swellings  is  much  increased ; 
the  year-rings  however  are  very  variable,  sometimes  they  are 
broader  than  the  normal,  again  they  may  be  diminished  or 
even  altogether  wanting;  where  however  the  wood  decreases, 
there  the  bast  increases  in  proportion.     This  lack  of  uniformity 
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in    the    growth    of   the    wood    disturbs    the    elements,   so    that 
they  are  irregularly  developed  and  more  or  less  twisted.1 

A  mycelium  inhabits  the  tissues  of  abnormal  twigs  aud 
cankered  swellings.  It  grows  in  the  intercellular  spaces  of 
the  rind,  between  the  bast  cells  and  outer  parts  of  the  wood, 
and  derives  nutriment  by  means  of  haustoria ;  these  either  bore 
through  the  cell-walls,  or  only  press  closely  against  them  so 
as  to  cause  depressions. 

Spore-formation  takes  place  on  the  needles  of  the  witches' 
brooms.  The  pycnidia  (spermogonia)  are  produced  on  the 
upper  side  beneath  the  cuticle 
and  emerge  through  it  as  little 
yellow  points.  The  conidia  (sper- 
matia)  are  tiny  globose  colourless 
bodies.  The  aecidia  come  later 
during  June  and  July  in  irregular 
rows  on  the  under  side  of  the 
leaf.  Their  peridia  break  out  as 
low  dome- like  structures,  the 
apices  of  which  rupture  irregu- 
larly to  allow  escape  of  aecidio- 
spores.  In  spite  of  numerous 
infections,  De  Bory  was  unable 
to  observe  the  penetration  of  a 
germ-tube  into  needles  or  twigs 
of  silver  fir.  Weise  believes  that 
infection  of  the  fir  takes  place 
on  twigs  which  have  just  emerged 
from  the  bud. 

As  a  preventive  measure,  all 
witches  brooms  should  be  cut  off  w.  (i.Tutwuiphot.) 

before  spore-formation  begins,  and 

stems  with  canker-wounds  should  be  removed  during  forest- thinning. 
For  further  details  the  monograph  of  Heck  may  be  consulted. 

Aecidium    strobilinum  (Alb.   et   Schw.)2   (Britain).     Spruce- 

1  Note.— Further  details  of  the  anatomical  changes  induced  in  the  tissues  of 
these  witches'  brooms  may  be  obtained  in  the  German  edition  of  this  work 
(pp.  420-421),  or  in  the  original  thesis  by  Hartm&nn,  (Analom.  Vergleieknng  d. 
Hexenbucn  tier    Wrieslanm.     Inaugural  Dissertation,    1892.)     (Edit.) 

*ReeB«,  Roilpityormcn  d.  Ooni/eren.,  1869.  Osrstedt,  Xaturh.  for  Vidtmit. 
Mtdd.,  1863,  i. 
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cone  rust.  This  disease  is  found  on  the  cones  of  spruce, 
The  aecidia  are  brown  somewhat  flattened  spheres,  and  appear 
in  large  numbers  on  cones  distinguished  by  their  scales  standing 
stiffly  open  even  in  damp  weather  (Fig.  243).  The  germ- 
tubes  of  the  fungus  find  entrance  in  spring  iuto  the  flowers 
or  young  spruce-cones,  and  the  mycelium  lives  parasitic  in 
the  green  scales  without  causing  any  marked  change  in 
their  growth,  although  the  ovules  are  more  or  less  injured. 
No  mycelium  has  ever  been  found  in  the  lower  cone-axis,  nor 
in  the  shoots,  so  that  the  disease  must  be  the  result  of  in- 
fection  by  spores  only. 


Fio.  Hi.— Atridium  »f.D*ilinitjn.  1,  Cone-mis  of  Spruce  with  »oddL»,  thoeo  to 
left  dehlKtng  their  yellow  eporee,  those  to  right  still  cloud,  (v.  Tubmif  daL) 
2,  Section  through  on  Immature  aacldlum.  3,  Part  of  2  oQlirR-ed  -  pe?1,  perldlum  ; 
*p,  ■poree;  n,  Intermediate  cell*;  iptr,  aporophoTca;  in,  mycelium;  part  the 
scale- iHreouhyma.     (After  Reau.) 

The  aecidia  break  out  on  the  inner  (rarely  the  outer)  side 
of  the  bases  of  the  cone-scales ;  each  is  enclosed  in  a  firm 
brown  lignified  peridium,  which  ruptures  by  a  crosa-fissure 
and  becomes  an  open  disc.  The  young  spores  are  joined  by 
small  intermediate  cells,  which  are  gradually  absorbed  to 
form  a  layer  of  gelatinous  lamellae  on  the  spore-coats 
(Fig.  244). 

Teleutospofes  of  this  Aeciditim.  are  unknown. 
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Aecidiam  pseudocolumnare  Kiihn.1  Occurs  on  needles  of 
Abies  pectinate  in  Germany ;  in  Britain,  however,  on  this  and 
several  other  species  of  Abies.  It  is  distinguished  by  its  large 
white  spores  from  the  Arc.  columnare  of  Calyptospom  (p.  372). 

Aec.  Magelhaonicum  Berk.  This  species  occurs  on  various 
species  of  barberry.  The  mycelium  hibernates  in  the  shoot  - 
buds  and  causes  them  to  develop  as  witches'  brooms,  bearing 
on  the  lower  surface  of  their  leaves  aecidia  with  long,  white, 
sac-like  peridia.     The  allied  teleutospore-form  is  as  yet  unknown. 

Aec.  clenutidls  D.  C.  (Britain  and  U. S.  America).  On  Clematit  Vitalba, 
('.   recta,  and  other  species.     It  is  related  to  Puccinia  agropyri  Ell.  et  Ev.s 

Aec  Englerianum  lie  mi.  et  Lind.3  produces  a  peculiar  antler- like 
branching  of  the  twigs  and  leaves  of  a  Clematis  at  Eritrea  (Lytri)  in  the 
Grecian  Archipelago. 

Aec.  punctahim  Pers.  (Aec.  quadrifidum  D.C.)  (Britain  and  U.S.  America). 
This  is  a  common  species  on  Anemone  (Fig.  190)  and  Erantku.  The 
aecidia  have  white  peridia,  which  on  dehiscence  break  into  four  lobes. 

Aec.  leucoBpermum  B.C.  (Britain  and  U.S.  America).  On  Anemone 
mtmonta  (Fig.  190). 

Aec.  hepaticae  Beck.     On  Anemone  Hepatica. 

Aec.  ranuuculacearum  D.  C.  (Britain  and  U.S.  America).  On  species 
of  Hanunculus.  A  collective  name  for  aecidia  of  several  species  of  Uromycei 
(p.  336),  and  Puccinia  (p.  349). 

Aec.  aquilegiae  Pers.  (Britain  and  U.S.  America).  On  Aquilegia 
vulgaris  and  other  species.     (See  Puccinia  agrostidig,  p.  349.) 

Aec  actaeae  (Opia.).  On  leaves  of  Actaea  tpicata  in  Europe  and  America. 

Aec  barbareae  D.  C.  On  species  of  Barbarea  (Britain).  (See  Puce, 
fxtucat,  p.  349.)     , 

Aec  circaeac  Ces.     On  species  of  Cireaea. 

Aec  grosaulariae  Solium.  (Britain  and  U.S.  America).  On  Kibe*  Orotiu- 
laria  and  R.  ntbrum.     Klebahn  believes  it  is  related  to  a  Puccinia  on  (larex. 

Aec  bunii  D.  C.  On  Coaopodmm  denudatum  in  Britain.  (See  Puce, 
bittortae,  p.  355.) 

Aec  pericrjmeni  Schum.  On  species  of  Lonicera.  (Britain.)  (See  Puce, 
fettacae,  p.  349.) 

Aec  compositarum.  A  provisional  species-name  for  a  large  number  of 
aecidia  frequenting  Compositae,  and  by  no  means  resembling  each  other. 

Aec  leucanthemi  D.  C.  A  European  species  with  its  Pitceinia-form  on 
Varex  montana, 

Aec  cyani  D.  V.    On  C'entaurea  Cyantu. 

Aec.  ligustri  Strauss.     On  Privet 
1  Hatwjia,  188*. 

■Dietel,  Oaterrtvh  Iwtan.  Ztitung,  1892. 
3Engler's  Botan.  Jahrbvch,  1893. 
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Aec  phillyieae  D.  C.    On  specie*  of  Pkillyrta  (Britain  J). 

Aec  fnudni  Schwein.    This  causes  serious  damage  in  America  to  the 

foliage  of  Fraxinvt  viridis  and  Ft.  amerioana.1  It  Las  also  appeared  in 
Europe  on  the  latter  species  introduced  from  America. 

Aec  nyraphaeoidis  D.  C.  On  leaves  of  Limnatuhemutn,  Nuphar,  and 
Nymphaea.     (Britain.) 

Aec  pedicularis  Lib.  On  Pedi&darit.  (Britain.)  (See  Puce,  paludota, 
p.  351.) 

Aec  prunellae  Wint.     Ou  Prunella  vulgarit.     (Britain.) 

Aec.  euphorbiae  Gmel.  is  found  on  mauy  species  of  Euphorbia.  It  is 
probably  the  Aecidium-form  of   Uromyce*  piii.     (Britain  and  U.S.  America.) 

Aec  convallariae  Schum.  (Britain  and  U.S.  America)  Probably  a 
provisional  species-name  for  aecidia!  forms  found  on  Convallo  ia,  Polygon- 
atum,  Parit,  Lilium,  etc.     (See  under  Puccinia.) 

Aec  ari  Desm.  (Aec.  dracontii  Schwein.)  is  found  on  species  of  Arum. 
{Britain  and  U.S.  America.)     (See  Puce,  phalarida,  p.  349.) 

The  following  species  are  found  on  Acacia  and  seem  to  have 
strong  affinity  with  the  genus  Jtavenalia : 

Aec  eaculentum  Barcl.  produces  deformation  of  twigs  of  Acada  ehurnea 
in  India.  Twigs  of  this  kind,  likewise  shoots  deformed  by  Aec.  vrticae  var. 
himalayenae  Barcl.,  and  pine-shoots  deformed  by  certain  species  of  Pender- 
miuin,  are  eaten  in  various  parts  of  the  world. 

Aec  acaciae  (Henn.)  on  Acacia  etbaica  in  Abyssinia.  This  is  said  by 
Magnus  to  cause  witches'  broom  deformation. 

Aec  Schweinfurthii  Henu.  causes  malformation  of  fruits  of  Acacia 
Fiitula  in  Africa. 

Aec  omamentale  Kalch.  causes  curvature  of  shoots  of  Acacia  korrido 
at  the  Cape. 

The  following  are  some  of  the  more  important  species 
recorded  for  North  America  only : 

Aecidium  dicentrae  TreL     Leaves  of  Dicentra  and  Corydali*. 
Aec  mtmoicum  Peck.     Leaves  of  Arabie. 
Aec  drabae  Tr.  et  Gall. 
Aec  lepidii  Tr.  et  Call. 
Aec  proserpinacae  B.  et  C. 
Aec.  Mariae-Wilaoni  Peck.  1^         ie8  rf  ,,y 
Aec  PetenU  B.  et  C.  )  ^ 

Aec  cerastii  Wint. 

Aec  pteleae  B.  et  C.    On  leaves  of  Ptetea  trifoliata. 
Aec.  xanthoxyli  Peck. 

Aec.  splendena  Wint.     In  the  cotyledons  of  Crotoit  monanthogynu*. 
Aec  aescnli  Ell.  et  Kell. 

Aec  paoraleae  Peck,  and  Aec  onobryebidia  Burr.    On  speciesof  Ptoralea. 
■Pound,  American  NalvrtUisI,  1888. 
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Aec  Peckii  De  Toui  and  Aec.  Oenotheras  Mont.     On  leaves  of  species 

of  Oenothera, 

Aec  Munbuci  Schwein.    On  leaves  and  stems  of  Sambwcui. 

Aec  ceanothi  £11.  et  Kell. 

Aec.  abundans  Peck.     On  species  of  Sympkoriearpus. 

Aec  cephalanthi  Seym.      On  Cepkataatkv*  occidentals 

Aec.  erigeronatum  Schwein.     On  many  Hpecies  of  Erigeron. 

Aec  aatenun  Schwein.     On  species  of  Alter  and  Solidago. 

Aec  potemonii  Feck.     On  Pdemonium  and  Phlox. 

Aec.  apocyni  Schwein.     On  leaves  of  Apocynum. 

Aec  Jamesiaoiim  Peck,  and  Aec.  Bimadeget  Peck.  On  leaves  of  species 
of  Atclepia*. 

Aec  m   Twtidis  Burr.     On  leaves  of  Myoioth  verna,  etc. 

Aec  pli  lajpnis  Ces,  On  leaves  of  species  of  Piaatago  in  Europe  and 
America. 

Aec  pentastemonls  Schwein.     On  species  of  Pentetemon. 

Aec  giltae  Peck. 

Aec  lycopi  Gerard.     On  leaves  and  stems  of  Lycopm  europaeu*. 

Aec  iridis  Gerard. 

Aec.  macroaponun  Peck,  and  Aec  amilacia  Schwein.    On  species  of 


Peridermimn. 

Peridermium  pini  (Willd.)1  ia  found  on  pine-trees  in  Europe, 
Britain,  and  United  States.  A  teleutospore-stage  of  this  has  not 
as  yet  been  identified,  although  a  very  similar  species  (Peri- 
dermium  Cornui  Rostr.  et  Kleb.),  also  occurring  on  the  bark  of 
pines,  has  been  proved  to  have  as  its  teleutospore-fonn  Cronartiitm 
asclepiadeum? 

The  mycelium  of  Peridcrmium  pini  lives  intercellularly  in 
the  rind,  bast,  and  wood  of  Pimm  gyhestrvt,  P.  Laricio,  P. 
halepensis,  P.  maritima,  and  P.  montana.  It  lives  and  extends 
through  the  stem  for  years,  attacking  the  living  cells  and 
absorbing  nutriment  from  them  by  little  haustoria.  The  cells 
of  parenchymatous  tissues  are  those  most  generally  attacked, 
and  the  mycelium  has  been  found  to  penetrate  along  the 
medullary  rays  to  a  depth  of  10  cm.  into  the  wood-mass. 
The  cells  of  attacked  parts  lose  their  normal  content  including 
starch,  and  secrete  crude  turpentine  in  audi  quantity  as  to 
completely  permeate  their  walls,  and  even  to  form  drops.  In 
this  way  portions   of  the   wood   become    completely   saturated 

1 R.    Hartig,    Wiehliye  Krankheiten  d.    Wa/dMumem, 
*Klebabn,  Berichtt  d.  deutmh.  botan.  GettUsrhaJt,  1890. 
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with  resin,  and  as  the  same  process  goes  on  in  bast  and  rind, 
the  turpentine  overflows  from  fissures  or  wounds  in  the  bark. 
During  the  summer  the  mycelium  grows  amongst  the  dividing 
cambium-cells  and  kills   them.     Where    this    occurs    the    year- 


literal  twljn  distinct 
i  attack nd.  Tbey»l«ob« 
ubouf  phot.) 


ring  ceases  to  thickeu,  but  as  the    mycelium    seldom     succeeds 
during    the    first    year    in    killing    the    cambium     all     round    a 
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branch,  the  living  portions  of  the  ring  grow  on  with  increased 
vigour,  and  even  attempt  to  close  over  the  injured  portion. 
This  irregular  growth,  continued  in  many  cases  for  years,  pro- 
duces abnormal  cross-sections  (Fig.  248).  The  mycelium 
grows  out  centrifugal!}'  from  diseased  spots,  so  that  the  wounds 
continue  to  enlarge,  and  the  disease  becomes  easily  noticeable 
on  account  of  the  deep  channels  and  distorted  swellings  on 
the  pine  branches  and  steins.  As  the  disease  spreads  inwards 
into  the  stems,  the  conduction  of  water  is  interfered  with  and 
the  branches  above  such  wounds  dry  up  and  die  off.     Whereas 


.    ,  Mycelial  ■troma  developed  to  the 

the  limit-coll"  have  become  iaolated  from  each  other  and  contain 
naueiorla,  a,  of  the  fungiia.  b,  Baaldla  eomtwaed  of  much  (mailer  cella  than  In 
the  noedlc-lnhaUUng  aecldfn.    ji,  The  peridluiu.    (Alter  B.  llarthj.) 

young  plants  soon  succumb  to  attack,  the  struggle  with  old 
trees  may  go  on  for  years.  Fresh  infection  of  older  steins 
occurs  generally  in  the  higher  parts  of  the  tree,  where  the 
bark  is  still  thin. 

Pycnidia  (spermogonia)  are  developed  between  the  rind- 
parenchyma  (periderm)  and  cork,  generally  towards  the  margin 
of  diseased  Bpots.  The  conidia  emerge  from  the  ruptured 
cork-layers  of  the  bark  as  a  honey-sweet  liquid.  H.  May? 
states  that  this  liquid  is  given  off  in  such  quantity  from 
species  of  Peridermivm  in  Japan,  that  it  is  collected  and 
eaten  by  the  natives. 
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The  aecidia  appear  in  June  as  wrinkled  yellow  sacs 
emerging  from  the  bark  of  swellings.  They  continue  to  develop 
in  succession  for  years  on  the  living  parts  of  attacked 
branches,  but  according  to  Hartig  they  ceaae  to  make  their 
appearance  on  old  stems,  even  when  a  mycelium  is  present. 
This  disease  is  the  cause  of  great  damage  to  pines,  especially 
where  planted  as  pure  foreBt.  One  case  is  recorded '  of  a 
forest  near  Kohlfurt  where  90  per  cent,  of  the  trees  in  an 
old    plantation    were    "  stag-headed "    on  account  of  a  deficient 


supply  of  water  in  the  crown  accompanying  attacks  of  this 
fungus.  Until  more  is  known  of  its  life-history,  preventive 
measures  cannot  be  well  extended  beyond  cutting  down 
infected  trees. 

The  following  species  of  Peridermium  have  been  observed 
on  species  of  Finns: 

A.  On  the  needles: 

Peridermium  oblongisporium  Fuck,  (now  Cohonporhtm  tenecionu)  on 
Pimu  tylvestri*  and  P.  attitriaca  (p.  374). 

P.  Klebahni,  P.  Soraueri,  P.  Stahlii,  P.  Plowrightii,  ami  P.  Fisdieri. 
On  Piiuu  it/lvutrU;  related  to  various  species  of  CoUoaporium. 

P.  piriforme  Peck.     On  Pintts  sp&iiota  in  U.S.   America. 

P.  cerebrum  Peck.    On  Pi-tut  rigida  in  North  America. 

■Marker  at  Schleaicn.  Forstverein,  1893. 
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P.  filxmentoaum  Peck.    On  Pinui  ponderoia,  also  in  America. 
P.   Harknessii  Moore.     On  Pinut  ponderoia,  P.   iniigni*,   P.   Sabineana, 
and  P.  contorta  in  California. 


P.  brerius  Bare].    On  Pima  txceUa  in  India. 

P.  complanatura  Bard.     On  Finn*  longifolia  in  India; 

B.  On    the     rind    or    bark : 

Peridennium  Cornui  Rostr. 
et  Kleb.  (now  Cronartwm 
atdepiadeum,  p.  381).  On 
Pinia  eylvestrti. 

P.  atrobi  Kleb.  (now  Cro- 
nartium  ribicota,  p.  382).  On 
Pima  Strobtu,  P.  Lambertiana, 
(and  /'.  Cembra). 

P.ptni(Willd.).  Oa  Pinut 
*ylve$tris.  (Britain  and  U.S. 
America.) 

P.  orientate  Cooke.  On 
Pima  rigida  and  P.  virgini- 
ana    in    America ;    alao    P. 

,  ........  na.SSO.—  r-riiiir,;iiiim«iii:inti;ijii. 

iongifolut   in   India.  from  Jipwi.     (v.  Tubau 
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P.  Ravenelii  Thiini.  On  Pinus  australi*  in  Nortli  America  (probably 
a  variety  of  P.  obiongitpornim). 

P.  deformans  Mayr.     On  Pinus  mitt's  in  America. 

P.  gigantenm  (Mayr).  On  Pinus  dtnsiflora  and  P.  Thunbti-tfH  in  Jipn 
This  causes  very  conspicuous  deformation  of  its  host  (Figs.  249  and  250). 

P.  complanatum  Barcl.     On  Pinus  longifolia  in  India. 

The  following  species  frequent  other  hosts : 
Peridermium  conornm  Thiim.1  This  aecidium  first  found  by 
De  Bary  in  Thiiringia,  has  recently  been  reported  in  Denmark, 
Russia,  and  America ;  also  in 
Upper  Bavaria  by  v.  Tnbeuf 
in  September,  1895.  It  takes 
the  form  of  two  large  aecidia, 
which  make  their  appearance 
on  the  outer  or  inner  side  of 
the  cone-scales  of  spruce.  The 
white  peridia  break  through 
the  epidermal  tissues  which 
then  remain  as  a  brownish 
sheath  around  each  ruptured 
peridium  (Fig.  251).  The 
spores  are  separated  by  inter- 
mediate cells,  and  their  outer 
coats  are  Btudded  with  poly- 
gonal warts.  The  cone-scales 
bearing  aecidia  contain  a  very 
large  quantity  of  starch.  Tel- 
eutospores  of  the  species  are 
■*""  unknown. 

di™;^;T^,' m.lntSSStotocX;  SlJ;  Peridermiwn  cornjcans 
(SSf  RSiJ"  "'Tce'u'"";  pnu'  p™""*5'™  Fries.*  The  mycelium  of  this 
fungus  seems  to  perennate  in 
twigs  and  buds  of  spruce.  Twigs  unfold  from  the  bud  as 
deformed,  shortened,  cone-like  shoots  bearing  very  short  broad 
needles  of  a  pale  colour.  The  aecidia  are  produced  on  the 
deformed  needles  as  broad  lineal  cushions  with  white  peridia. 
They  originate  under  the  epidermis  which  they  rupture,  and 
break  out  on  one  side  of  the  needle. 

■Reesa,  Roatpityormen,  1869. 

'Rostrup,   Vidutnl:  Gelid:  Forhaodl.,   1884. 
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The  soft  hypertrophied  shoots  are  eaten.  They  occur  chiefly 
in  Scandinavia,  but  recently  were  observed  by  Gobi  and  Tranzsehel 
in  the  neighbourhood  of  St.  Petersburg.1 


Tte 


P.     Engelmanni    Thitm.       On     conea    of    Picea     Smitkiana.      (U.S. 
America.) 

P,  pkeae  Barcl.     On  needles  of  Pteea  Smithtaiia. 

P.  Peckii  Thiim.     On  needles  of  Tmga  canadentit  (U.S.  America). 

P.  balsameum  Peck.     On  needles  of  Abie*  battamea  (U.S.  America). 

P.  ephedrae  Cooke.     On  Ephedra  in  U.S.  America. 

P.  cedri  Barcl.     On  needles  of  Cedrun  Deodara  in  India. 

P.   Balansae  Corn.     On  leaves  of  Dammara  wata  in  New  Caledonia. 

'Also  reported  at  Haslemere  (Britain),  Gitvillea,  xix.,   1890. 
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Caeoma. 
Caeoma  abietis-pectinatae  Heess.1  The  aecidiospores  may 
be  found  oil  the  lower  surface  of  young 
needles  of  silver  6r ;  the  aecidia  are  yellow 
elongated  cushions  situated  on  either  side 
of  the  needle  mid-rib,  and  are  without 
peridia.  Pycnidia  (spermogonia)  are  pro- 
duced before  the  aecidia.  The  mycelium  is 
septate  and  intercellular  with  few  haustoria. 
I  have  found  the  fungus  fairly  abundant 
on  the  Alps  and  in  the  Danube  valley  near 
Passau.     Teleutosporea  are  unknown. 

Caeoma  deformans  (Berk,  et  Br.)  Tubeuf 
(Uromycea  deformans  Berk,  et  Br.*  or  Caeoma  Asamtro  Shirai).* 
This  induces  the  formation  of  "  witches'  brooms  "  or  of  antler-like 


Fir  nb owing  Ctuomn- patch' 
Tubeiil  dtL)      "U    "*' 


1Reeaa,  BotipUifarmtn,   1889. 
'Berkeley,    "The   fungi   collected   during   the   i 
lenger.'"  Jour,  of  Linnean  S<K.,  xvi.,  1876. 
3Shirai,  Botanical  Magazine,  Tokio,  1889. 


tpedition  of  H.M.S.  'Chil- 
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leafless  shoots  on  Thujopds  dolabrata  in  Japan,  whence  they  were 
sent  to  me  (Figs.  254  and  255).  One  example  (not  figured)  was 
as  large  as  a  young  child's  head. 

The  shoots  of  the  witches'  brooms  are  furnished  with  vascular 
bundles  and  possess  a  parenchyma  rich  in  starch -con  tent. 
Each  branch  of  the  deformed  shoot  termi- 
nates in  a  hemispherical  saucer-shaped 
caeoTna- cushion,  at  first  covered  over  by 
the  epidermis,  but  with  no  peridium.  The 
tti«wifl-discs  are  at  first  brown,  but  after 
the  epidermis  bursts  and  rolls  back,  the 
yellow  dusty  sporeB  appear.  The  spores  ^  P„muu 
arise  serially  from  very  short  basidia ;  they  SjjtjS 
are  yellow  and  have  striped  membranes.  ™ji»  <•'  tw«*   tT-  ™°™ 

The  witches'  brooms  also  exhibit  marked 
hypertrophy  (Fig.  254).  In  the  supporting  branch  both  wood 
and  bark  are  considerably  increased.  Large  medullary  rays  occur 
in  the  wood,  and  nests  of  thin-walled  parenchyma  are  interpolated 
between  the  regular  tracts  of  tracheae,  so  that  the  general 
arrangement  resembles  that  shown  in  juniper  by  Wtirnle's 
researches  on  Uymnoxporangium.  The '  parenchymatous  groups 
of  cells  in  the  wood  appear  to  the  naked  eye  as  brown  spots. 
They  are  permeated  by  a  vigorous  intercellular  mycelium,  which 
sends  off  large  haustoria  into  the  adjacent  cells. 

Caeoma  laricis  (Western!),'     On  needles  of  Larijc.     (Britain.) 

C.  orchidia  A.  et  S.      On  orchids.     (Britain.) 

C.  chclidonii  Magn.     On  Cltelidonium  majva  (U.S.  America). 

C.  fumariae  Lk.     On   Corydalit. 

C.  euonymi  (OmeL).     On  Euonymu*  eitropaeus  (Britain), 

C.  confluens  (Pers.).     On  Ribei  alpinum,  R.  rubrum,  etc-. 

C.  nitena  (C.  luminatum)  is  the  well-known  Blackberry- rust  so  common 
in  the  United  States.     It  is  probably  a  forni  of  Puccinia  Peckiana.* 

C.  aegopodii  (Rebent.).     Ou  Acgopotiinm  Podagraria  and  Cltaerophyllum 


C.  liguatri  (Rabh.).     On  Liguitrttm  vulgare. 

C.  ari-italici  (Duliy).     On  Arum  mawlatum. 

C.  aUionun  Link.     On  Allium  urnnnm,  A.  uleraceum,  etc.1 

C.  saxifragae  Strauss.     On  Sarijraj/a  grannlata.3 

C  mercurialis  (Mart).     On  Aftrcurialit  pereiwt*.3 

1  This  and  most  of  the  other  species  are  only  stage*  of  some  Afelamptora. 

'Clinton,   Botanical  Gazette,   1805,  p.   116. 

1  These  three  species  are  given  as  British  in  Plowright's  'Uralineae.'    (Edit.) 
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Uredo-Forms  of  uncertain  relationship. 

Uredo  agrimonine  (D.  C.J.  On  species  of  Agrimonia  (Britain  and  U.S. 
America).     Dietel  regards  it  as  related   to   Jfelamp&ora   (ThectHpora)   agri- 

U.  Mudleri  Schroet    Ou  Rnbiu  fruticonu  (Britain). 

U.  symphyti  D.  C.     On  Symphytum  officinale  (Britain). 

U.  phUlyreae  Cooke.    On  Phillyrea  media  (Britain). 

U.  macrosora  De  Toni.     On  Epilobium  tetragonum  (U.S.  America). 

U.  vitis  Thlim.  This  species  first  attracted  notice  as  a  disease- 
producing  fungus  in  Jamaica  in  1879,  but  it  had  been  found  previously 
in  the  United  States.     It  causes  spots  on  the  upper  surface  of  leaves.1 

U.  fid  Cact.     On  Ficm  Carica  in  Italy  and  U.S.  America. 

U.  quercus  (Broud.J.     On  species  of  Qitercut  (Britain  and  U.S.  America). 

U.  iridia.     On  many  species  of  Ira  (Britain) 

U.  gltimarum  Bob.     On  Zea  Main  in  Belgium  and  England. 

U.  sorghi  Fuck.  On  Sorghum  halepense  in  Greece  i  (compare  with 
Uromyces  and  Puccinia  on  the  same  host) 

U.  gossypii  Lager.2  This  hag  been  observed  in  South  America  causing 
a  rust  on  cotton-plants  and  injuring  the  yield  of  cotton.  It  appears  as 
small  purple-brown  spots  ;  the  spores  are  oval  and  yellow. 

Uredinopeia.3 

[This  is  a  new  genu's  found  by  Magnus  to  contain  several 
Uredineae  parasitic  on  Ferns*  The  aecidial  stage  is  unknown. 
The  uredospores  are  abjointed  singly  from  the  ends  of  sporo- 
geaouB  hyphae ;  they  are  unicellular  and  without  germ-pores. 
The  uredospore-sori  are  enclosed  in  a  pseudoperidium  of  elon- 
gated tubular  cells.  Unicellular  teleutospores  (?)  are  given 
off  from  sori  similarly  to  the  uredospores.  Plurieellular  teleuto- 
spores are  developed  from  the  mycelium  in  the  intercellular  spaces 
of  the  host-plant,  never  from  crust-like  sori.  On  germination 
four-celled  promycelia  with  spherical  sporidia  are  produced. 

Uredinopsis  filicina  (Niessl.)  Magn.  On  lower  surface  of  fronds  of 
Pkegopteru  (Polypodium)  vulgaris,  causing  death. 

Ur.  strathiopteridis  Stoermer.  On  sterile  fronds  of  StruthiopterU 
germanica. 

Ur.  pteridia  Diet,  et  Holw.      On  Pteru  aquilina.]    (Edit.) 

1  Masaee  {GrevU'ea  xxi.,  p.  119)  states  this  species  to  be  identical  with  U. 
i'ialae  of  ligerheiin  (fisuue  gen.  de  Bolanique,   1890). 

1  L&gerheim,  Journal  of  Mycology,  vn.  p.  48. 

"Dietel,  "  Uredo  polypodii  (Pers.)"  Otilerreick.  baton.  Ziitachrift,  1894;  also 
"  Der  Gattmig   Uredinopaii,"  Ber.   d.  deutsck.  holan.   (Jet.,   18B5,  p.  326. 

*  These  host-plants  do  not  come  strictly  within  the  scope  of  this  work,  but 
a  short  note  on  the  genus  is  necessary.     (Edit.) 
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BASIDIOMYCETES. 


The  sporophores,  known  as  basidia,  are  structures  with  a 
definite  shape,  and  with  lateral  branches,  the  sterigmata,  from 
which  a  definite  number  of  exospores-: — basidiospores — are  ab- 
jointed,  the  basidia  then  becoming  functionless.  Basidia  and 
basidiospores  are  characteristic  of  all  Basidiomycetes,  conidia 
and  chlamydoapores  being  produced  only  exceptionally. 

The  basidia  generally  arise  from  an  extended  layer — the 
hymenium — which  in  the  higher  genera  forms  part  of  a  con- 
spicuous complex  sporophore.  The  basidia  do  not  therefore 
originate  from  the  germination  of  a  spore,  as  do  the  promycelia 
of  the  Uredineae  and  Ustilagineae,  but  from  special  sporophores 
(rarely  from  the  mycelium  itself),  whose  surface  they  occupy, 
or  in  which  they  are  enclosed. 

In  the  course  of  development,  two  nuclei  have  been  found 
to  copulate  in  the  basidial  cells.  Thereafter  they  divide  and 
produce  four  (rarely  two)  new  nuclei  (Autobasidiomycetes),  or 
after  the  division  of  nuclei,  cross-septa  are  formed,  thus  making 
the  basidia  pluricellular  (Protobasidiomycetes).  In  both  cases 
the  nucleus  passes  through  the  sterigmata  into  the  developing 
basidiospores,  and  on  the  germination  of  these  spores,  it  divides 
into  two  nuclei,  the  starting  points  for  further  nuclear  division. 

As  just   indicated  two  divisions   of  the   group   may   be   dis- 
tinguished :    (1)  Protobasidiomycetes,  (2)  Autobasidiomycetes. 
Protobaridiomyceteb. 

Under  this  class  are  included  the  Auricularieae,  Pilacreae,  and 
TremeUinae,  the  first  two  possessing  basidia  divided,  as  a  rule, 
by  cross-septa  into  four  cells,  the  last  with  basidia  also  divided 
into  four  cells,  which  are  formed,  however,  by  two  longitudinal 
walls  set  at  right  angles  to  each  other.  A  sterigma  grows  out 
from  each  cell  and  produces  a  single  spore,  after  which  the 
basidium  dies  away.  The  basidia  of  the  Pilacreae  are  produced 
inside  closed  sporoc&rpa  (angiocarpous),  those  of  the  other  two 
groups  are  exposed  (gymnocarpous).  Parasites  are  unknown 
amongst  the  Protobasidiomycetes. 

A  UTO  B  A  81 DIOMTCETE8. 

Basidia  unicellular  (autobasidia),  the  sterigmata  formed  on 
the  apex  of  the  basidium,  and  each  giving  off  a  single  basidio- 
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spore.  The  basidia  originate  from  basidial  layers  or  from  complex 
hymenia,  produced  either  inside  some  special  structure,  or  on 
the  surface  of  special  sporophores,  or  on  some  definite  part 
of  these. 

The  group  may  be  sub-divided  into  the  Dacryomycetes,  ffymeno- 
mycetes,  and  Gaateromycetes  (including  Phalloideae).  Of  these  only 
the  Hymerwmycctm  contain  species  parasitic  on  plants,  the  others 
include  harmless  saprophytes,  which  live  in  the  soil,  some  of 
them,  however,  taking  part  in  the  formation  of  mycorhiza. 

THE  HYMENOMYCETES. 

The  unicellular  basidia  give  off  from  their  apices  four  (any 
number  from  2  to  6  may  occur)  sterigmata,  from  each  of 
which  a  single  basidiospore  is  abjointed.  The  basidia  arise 
from  free  exposed  hymenia,  which  generally  occupy  the  whole 
or  part  of  large  compound  sporophores.  The  greatest  develop- 
ment, of  the  sporophore  is  attained  in  the  umbrellas  of  the 
Agaricineae,  and  the  large  discs  of  the  Polyporeae.  It  is  only 
amongst  the  lowest  genera,  like  Exobasidium,  that  the  basidial 
layers  are  produced  directly  on  the  organs  of  the  host,  and  the 
basidia  arise  directly  from  the  hyphae. 

Reproductive  cells,  other  than  basidiospores,  are  rare.  In  a 
few  cases  amongst  the  Polypoi-cae,  Brefeld  and  others  have 
observed  conidia  and  chlamydosporea  (Oidia,  etc.) ;  while  some 
few  Agaricineae  have  the  latter  form  of  spore,  but  never  conidia. 

The  mycelium  is  of  a  very  varied  nature.  It  frequently 
inhabits  wood,  and  in  many  different  ways  brings  about 
destruction  of  lignified  tissues.  Other  modifications  are  seen 
in  the  forms  of  mycelium  known  as  rhizomorphs,  rhizoctoma, 
mycorhiza,  and  other  closely  felted  masses  of  various  shapes, 
which  will  be  considered  in  detail  as  occasion  requires.  The 
formation  of  clamp-connections  is  also  a  special  feature  of  the 
mycelium  of  the  Hymenomycetes.  In  many  cases  the  mycelium 
retains  its  vitality  and  perennates  for  several  years. 

The  genus  Exobasidium  consists  of  parasites  which  produce 
malformation  of  their  host ;  many  of  the  Polyporeae  and 
Agaricineae  are  deadly  enemies  of  forest  and  fruit-garden, 
while  as  wound- parasites  many  of  them  are  specially  dangerouB. 
The   general   means   of  combating   them   consist  in  cutting  out 
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any  sporophores  and  applying  tar  to  the  wound,  while  diseased 
stems  in  the  forest  should  be  felled.  Immediate  artificial 
closure  of  wounds  in  the  wood  is  a  very  effective  preventive 
measure.1 

The  Hynienomycetes  are  divided  into  Tommtdltat,  Exobasi- 
diaceae,  Hypochnaeeae  (included  hy  Brefeld  in  the  Tomentelleae), 
T/ulephoreae,  Clavarieae,  Hydnme,  Polyporeae,  and  Agarkineac. 
All  contain  parasitic  species. 

EXOBASIDIACEAE. 
Exobasidiuni. 

The  basidia  are  formed  on  the  extremities  of  branches  of 
the  mycelium,  which  break  out  through  the  cuticle  of  attacked 
organs.  The  mycelium  lives  inside  the  host-plant,  and  induces 
considerable  malformation.  The  basidia  emerge  on  the  surface 
of  the  host  (similarly  to  the  aaci  of  the  Exoasci),  and  from 
each  of  the  four  sterigmata  a  single  spore  is  given  off. 

Exobaaiditun  vacednii  Wor.s  (Britain  and  U.S.  America). 
This  is  the  cause  of  a  very  common  and  conspicuous  deformation 
which  affects  the  leaves,  flowers,  and  shoots  of  Vacdniwm  Vitis- 
Idaea  (Fig.  256).  Leaves,  where  affected,  become  thickened 
and  form  irregular  blisters  vaulted  towards  the  lower  surface 
of  the  leaf,  so  that  the  lower  epidermis  covers  the  convex 
side  and  the  upper  epidermis  lines  the  concavity.  Chlorophyll 
is  absent  in  the  swollen  tissues,  but  where  blisters  are  exposed 
to  direct  light  a  bright  red  cell-sap  is  developed.  Parts  of 
the  leaf  adjoining  diseased  spots  may  remain  normal  and 
green.  Flowers  or  their  parts  undergo  similar  malformation ; 
twigs  become  more  or  less  thickened  and  twisted,  their  chloro- 
phyll disappears,  and  a  reddish  cell-sap  is  produced.  On  such 
diseased  places  spores  are  produced  during  the  summer,  after 
which  the  poorly  developed  tissues  dry  up  and  wither. 

When  this  fungus  is  present  in  the  young  tissues  of  its 
hosts,  it  exerts  a  very  marked  influence  on  their  development. 
The  palisade  cells  of  the  leaf  become  enlarged,  while  their 
chlorophyll  almost  wholly  disappears,  and  is  replaced  by  a  red 

'Farther  details  on  this  point  have  already  been  given,  General  part,  p.  72. 
1  Wororin,      Vtrhand.     d,    nalvrfor.     Gr«.,    Freiburg,    1S67 ;     with    3    platen, 
Brefeld,  Sekinmelpite,  Yin.,  1889.      Wakker,  Ptingaheim't  Jahrbueh,  1892. 
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cell-sap.  Cells  of  the  parenchyma  in  flower  and  stem  enlarge  to  a 
still  greater  degree.  Intercellular  spaces  are  as  a  rule  obliterated, 
but  when  present  are  filled  with  a  fine  mycelium.  Wakker  gives 
us  further  results  of  the  fungoid  attack ;  crystal-glands,  normally 
numerous,  are  no  longer  formed,  but  arc  replaced  to  some  extent 
by  indistinctly  defined  crystals  of  calcium  oxalate.  Transitory 
starch  is  stored  up  in  large  quantity.     The  fibro-vascular  bundles 


Fin.  IW.— flwtaiWi 


striking  modification,  the  primary  xylem  alone  is 
normal,  the  vessels  of  the  secondary  wood  remaining  rudimentary; 
other  parts  are  not  lignified,  and  the  phloem  is  only  indistinctly 
laid  down. 

A  mycelium  is  present  in  all  deformed  parts,  but  absent  in 
normal  green  tissue.  It  becomes  massed  to  form  a  hymenial 
layer  beneath  the  epidermal  cells  or  between  their  outer  walls  and 
the  cuticle.     The  sterigmata  do  not  exceed  four  in  number,  and 
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from  each  a  spindle-shaped  spore  is  abjointed  (Fig.  257).     The 
basidiospores  divide  in  water   by  formation  of  cross-Bepta,  and 
a  germ-tube  arises  from  each  terminal  cell.      On  a  young  leaf 
of   Vaceinium   the   germ -tube 
penetrates   and   gives   rise   to 
a   mycelium   (Fig.   258);    on 
other  substrata  the  germ-tube 
sprouts  into  several  very  fine 
sterigmata,  from  the  extremi- 
ties of  which  a  Beries  of  conidia 
are    abjointed ;     the    conidia 
may  give  o£f  secondary  coni- 
dia, perhaps  also  tertiary.     In 
nutritive  solution,  Brefeld  ob- 
tained an  increased  number  of        fto  a7__Sl0ba,idivm  „,«*,«.  The  b»idtai 
germ-tubes  and   a  continuous      %%^m0^°^^g'S^rw^^>uh"r 
production  of  conidia ;  in  air, 

conidia   were   produced   on  conidia,  but  inside  the  solution  the 
conidia  gave  off  hyphae  from  which  new  conidia  arose. 


Fm.  2S*.— KrootiiuMum  vnieinii,  Oennirmtlng  huitltaapoim  The  MpUte  inure* 
h»T8  given  off  germ-tubei  which  penetrate  Into  the  cowberry  Imtob,  either  by 
■tomftt»  or  through  the  apidermi*.    The  Loweet  ipore  i»  forming  conidia.    (After 


This  Exobasidium  is  very  common  on  the  cowberry  ( Vaceinium 

Vitis-Jdaea)}     It  occurs  less  frequently  on   the  bilberry  (Vac- 

1  Several  American  Ericaceae  are  given  as   host-plant*  in  the  "  Host- Index." 
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cinium  Afi/rtUlua)'  causing  a  premature  fall  of  the  leaf  and 
suppression  of  the  flower.  The  external  symptoms  of  the  disease 
differ  somewhat  from  those  on  cowberry.  Diseased  leaves  are 
much  larger  than  the  normal,  but  are  neither  thickened  nor 
blistered ;  on  the  under  side  they  have  a  whitish  or  reddish 
coating,  and  fall  off  easily.  I  have  never  observed  the  disease 
on  the  stems  of  bilberry.  In  spite  of  these  external  differences, 
it  is  believed  that  the  host-plants  are  in  both  cases  attacked  by 
the  same  species  of  Exobosidium,  but  I  do  not  know  of  any 
observations  on  the  reciprocal  infection  of  the  two  hosts. 


Fin.  160.— Sxobtuidium  rlmdodtndri  on  Rhododendron  ji'-rvfineiim.    (>.  Tubeuf  phot.) 

A  disease  due  to  an  Exoba&idium  is  by  no  means  uncommon 
on  Vacciniitm  ufiginosum  (bog  whortleberry).2  Shoots  of  diseased 
plants  are  deformed,  while  their  loaves  become  more  or  less 
thickened  and  assume  a  beautiful  rosy  colour. 

On  Vacciniitm  Oxyroccos  (true  cranberry)  the  shoots  and 
leaflets  also  become  thickened  and  rose-coloured.  Rostrup  dis- 
tinguishes this  as  a  separate  species  (Embasulium  oxycocci). 

Ex.  andromedae  Peck,  produces  on  Androineda  potifolia 
symptoms  similar  to  those  just  described  for  the  preceding 
species.     (Britain  and  U.S.  America.) 

1  Sadebeck  {Botan.  Centra/Wait,  1888}  records  it  in  large  quantity  near  Hnrburg. 
Thia  is  the  hcat-spedcs  given  by  Masses  {BrilMi  Fitnyu*- Flora,  1892). 
-Tubeuf,  "Mittheilungen."     Ze  iHtch.  /.  Pjianitidrankhtiren,  1893. 
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Ex,  rhododendri  Cram.  (Britain  and  U.S.  America).  This 
causes  gall-like  outgrowths  on  the  leaves  of  the  Alpine-roae 
{Rhododendron  femigwmtm  and  Rh.  Mrsutum).  The  swellings 
may  be  small  and  fairly  hard,  or,  attaining  the  size  of  cherries 
or  plums,  they  may  be  soft  and  spougy  so  that  they  shrivel 
up  soon  after  the  twig  is  cut;  in  colour  they  are  yellowish- 
white,  but  on  the  side  exposed  to  sunlight  become  rose-red ; 
the  Mrobasidium-ga]\s  may  even  be  formed  on  the  small  rolled  - 
up  leaves  caused  by  attacks  of  mites. 

Ex.  Peckdi  Hals.1  [This  species  occurs  in  the  flowers  of 
Andromeda  Mariana  in  the  United  States.  It  is  confined 
almost  entirely  to  the  inflorescences,  and  causes  considerable 
distortion.  The  bell-shaped  corollas  are  replaced  by  ones  quite 
polype talous,  and  the  ovary  becomes  raised  above  the  re- 
ceptacle.]    (Edit.) 

The  following  five  species  have  been  recorded  on  Ericaceae 
in  America  ; 

Ex.  azaleae  Peek.     On  Rhododendron  nudiflorum. 

Ex.  discoideum  Ellis.    On  Rhododendron  vtteontm. 

Ex.  decolorants  Hark.     Oil  Rhododendron  vticomm  and   R,  oecidenbde. 

Ex.  arctostaphyli  Hark.     On  Arctnitaphylot  pungent. 

Ex.  cusandrae   Peck.     On   Cimandra  ctdycirhttu. 

Other  species  to  lie  mentioned  are  : 

Exobaaidinm  ledi  Karat.     Oil  Ledum  paluttre. 

Ex.  Warmingu  Roatr.  (U.S.  America).  This  occurs  on  Sarifraga  Aitoon, 
S.  bryoides,  S.  tupera,  etc. ;  it  causes  marked  hypertrophy  of  the  leaves,  and  in 
this  way,  as  well  as  by  its  many  smaller  spores,  is  distinguished  from  : 

Ex.  Schinzianom  Magn.  On  the  leaves  of  Saxifraga  rotund/folia,  causing 
whitish  spots  which  soon  become  brown  and  die. 

Ex.  symploci  Ellis.    On  Symptoctm  tinrtoria  in  North  America. 

Ex.  graminicohim  Eves.  On  leaves  of  various  grasses,  e.g.  Bromtin, 
Arrhenathernm,  etc. 

Ex.  lauri  Geyl.*  is  said  to  produce  branched  outgrowths  of  over  three 
feet  iu  length  on  Laura*  nobiti*  and  /,.  citn<irien*i»  in  the  (Canary  Islands. 


Urobtitidium   rottrtitum   Ghgn.   occurs    on    the   "witches'   broom,"  out- 
growths   caused    by    Tapkrina   cornu-cervi  Ghgu.   on    Atpidium   <, 


1  Halsted,  Bttitetin  of  the  Torre!/  <7'»*.  xx-.   l&>%,  p.  437. 
'Oeyler,  Botax.  Zeituwj,  1874,  p.  322,  PI.  VII. 
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HYPNOCHACEAE. 

Hypnochiu. 

The  mycelium  forma  a  cobweb-like  covering  on  living  or  dead 
parts  of  plants.  The  spirophores  take  the  form  of  superficial 
coatings  composed  of  club-shaped  basidia  developed  on  a  felted 
hymen  ial  layer  of  fungal  tissue.  Each  basidium  gives  off  two 
to  six  colourless  smooth -coated  spores  from  fine  sterigmata. 
Some  species  are  parasitic,  and  cause  disease. 

Hypnochos  cacnmerifl  Frk.1  In  1882  Frank  found  at  Berlin, 
on  the  surface  of  withering  and  dying  cucumber-plants,  greyish 
coatings  of  the  hymenial  layers  of  this  fungus.  They  occurred 
principally  near  the  base  of  the  stem,  and  caused  its  partial 
destruction.  The  symptoms  consisted  in  leaves  becoming  rapidly 
yellow  from  tip  to  base,  and  dying  off  the  plant,  the  lower 
first.  Only  cucumbers  were  attacked,  and  no  further  stages 
could  be  observed  on  the  killed  plants. 

Hyp.  solani  Prill,  et  Del.1  Fine  grey  crusts,  consisting  of 
the  hymenial  layers  of  this  fungus,  were  found  by  these  investi- 
gators on  potato-plants ;  there  was,  however,  no  injurious  effect 
on  the  crop-yield. 

Aureobaaidium. 
Anreobasidium  vitis  Viala  et  Boyer.s  The  cause  of  a  vine 
disease  which  has  done  considerable  damage  in  southern  France 
on  several  occasions  since  1882.  The  grapes  wheo  attacked  show 
spots,  then  shrivel  up,  their  interior  becoming  completely  per- 
meated by  a  colourless  septate  and  branched  mycelium.  On 
rupture  of  the  epidermis,  a  firm  yellow  tissue  emerges,  and 
thereon  a  hymenial  layer  is  developed.  The  basidia  are  thick 
and  club-shaped,  with  a  varying  number  of  short  sterigmata; 
these  give  off  cylindrical  unicellular  light-yellow  spores  slightly 
curved  in  shape  and  with  rounded  ends.  Leaves  are  also  attacked, 
and  fall  off  after  gradually  assuming  a  deep  red  colour.  If 
this  occurs  in  April,  or  early  in  May,  the  fruit  never  attains 
any  size. 

'Frank,  Hedwigia,  1883;  and  BeriehU  d.  dtutvh.  baton.  Get.,  1883. 

"  Prill ieux  and  Delacroix,   Bulletin  tie  la  Soc.  myeol.  de  France,   1891. 
'Viala  and  Boyer,  Compl.  rend.  1891,  p.  1148,  and  XIX.,  1894,  p.  248;  Annal. 
de  PSeole  not.  d'agric.  de  Monipellier,  VI.,  1891. 
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THELEPHOREAE. 
Thelephora. 

The  sporophores  of  this  genus  assume  very  varied  forms,  from 
simple  incrustations  to  mushroom-like  structures.  They  consist 
of  two  layers  only,  the  middle  one  being  absent.  The  basidia  ■ 
are  club-shaped  and  produce  four  roundish  or  oval,  hyaline  or 
light-coloured  spores. 

Thelephora  laciniata  Pers.  is  not  a  true  parasite,  yet  it  is  a 
dangerous  enough  enemy  to  trees.  In  damp  situations,  it  is 
common  and  thrives,  growing  over  young  trees  and  so  enveloping 
them  with  its  sporophores  that  Buffocation  ensues.  (Britain  and 
U.S.  America.) 

Th.  pedicellata  Schw.  lias  been  reported  front  America1  as  a  dangerous 
parasite  on  apple,  Quercut  coccinea,  and  a  palm. 

Th.  perdix  llartig,  a  parasite  on  oak-wood.     (See  Stereum  fruitiUotum.) 

Helicobasidium  Morapa.  Ichik.'  This  is  injurious  to  the  mulberry  tree 
near  Tokyo,  Japan.  It  first  attacks  the  roots,  and  in  consequence  the 
growth  of  shoots  is  arrested,  the  young  leaves  die  off,  and  gradually  death 
of  the  tree  follows.  The  mycelium  permeates  the  tissues  of  the  host,  and 
forms  an  external  velvety  coating  of  basidia. 

Stereum. 

Sporophores  generally  differentiated  into  three  layers,  and 
forming  leathery  or  woody  encrustations,  or  flattened  hemi- 
spherical structures  attached  by  one  edge  only. 

Stereum  hirsutum  (W.)  Fr.  White-piped  or  yellow-piped  oak. 
(Britain  and  U.S.  America.)  A  very  common  fungus,  occurring  as 
a  saprophyte  on  dead  branches,  on  boards,  and  posts  of  various 
kinds  of  timber,  as  well  as  parasitic  on  living  wood,  particularly 
on  oak. 

The  sporophores  first  appear  as  crusts,  later  they  become 
cup-shaped ;  externally  they  are  brown  and  roughly  hairy  with 
acute  yellowish  margins.  The  smooth  hyinenial  layer  is  orange- 
red  and  marked  by  zones.  Between  the  sterile  leathery  sporo- 
phore  and  the  hymenial  layer  there  lies  a  firm  white 
intermediate  tissue. 

1  Galloway,  Journal  of  Myology,  vi.,  p.  113. 

•Nobujiro  Ichikawa,  "A  new  hyinenomycetous  fungus,"  Jour,  of  College  of 
Science.     Imperial  University,  Japan,  1890. 
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R.  Hartig1  has  investigated  in  detail  the  phenomena  accom- 
panying the  wood-destruction  in  the  oak.  This  begins  in  the 
branches  and  extends  in  white  or  yellow  concentric  zones 
throughout  the  stem,  so  producing  that  appearance  which  has 
given  rise  to  the  name  "  fly-wood."  Portions  of  the  wood  appear 
only  white -striped,  other  parts  have  a  more  regular  yellowish- 
white  colour.  In  the  white  strips  the  wood  has  been  transformed 
into  cellulose  and  the  middle  lamellae  of  the  walls  dissolved  out; 
that  of  the  yellow  parts  has  not  undergone  this  transformation 
into  cellulose,  but  the  destruction  has  begun  from  the  cell-cavity. 


il.it.ivl   hollow  spot*  containing  white 

Btereum  firustuloBum  Fries.  (Thelephora  perdix  Hartig).a 
{Britain  and  U.S.  America.)  The  sporophores  form  greyish- 
brown  plate-like  crusts  with  concentric  markings ;  they  are  small, 
never  exceeding  the  size  of  a  finger-nail,  but  generally  occur 
in  numbers  together.  The  hymenial  layer  is  composed  of  club- 
shaped  basidia  beset  with  hair-like  outgrowths ;  some  of  the 
basidia  produce  four  spores,  others  are  sterile  and  grow  on  to 
form  the  hymenial   layer  for  the  following  year. 

1  R.  Hartig,  Zerietzungwwheinungen  d.  Ht*%t»,  1878,  Plate  XVIII. 
=  R.  Hartig.  Zertetzimgsericheiniin'jeii,  Plate  XIII. 
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The   very   characteristic   destruction   of  oak-wood   caused   by 
this  fungus  was  investigated   by  K.  Hartig.     The  diseased  wood 
has  a  uniform  dark-brown  colour,  broken  at  intervals  by  white 
rounded     spots    or    hollow     cavities ; 
hence     it     receives     the     name     of         , 
"  partridge-wood."     In  the  white  spots 
the  wood  has  by  the  action    of  the 
mycelium     become    tn  ins  formed    into 
cellulose,    the    middle    lamellae    and 
starch-grains  being  dissolved  otfck  In 
the    neighbourhood    of   old   eaten-out 
cavities  the  process  of  decomposition 
is  slightly  changed,  so  that  the  cell- 
walls  disappear  without  previous  trans- 
formation into  cellulose. 

CLAVARIEAE. 

Typhnla. 

Sporophores  filamentous,  and,  as 
a  rule,  developed  from  sclerotia. 
Basidia,  with  four  colourless  smooth- 
coated  spores. 

Typhnla  graminnm  Karat.1  This  p,0.  m.-gurt*m  /,***&,*«,. 
appeared  on  wheat  plants  in  Sweden,  J^r  J^\udi2Sk«^ttoiri1eoS.™rg 
killing  them  and  forming  yellow  J^1")'"  tho  ttmber-  (T-  Tuhtl>' 
sclerotia  (Sderotium  fvlvum  Fr.), 

HYDNEAE. 
Hydnnxn. 
Sporophores    very     variable    in    form    and     structure.     The 
bymenial    layers   are    spread    over    teeth-like    projections.     The 
basidia    bear    four    white    spores. 

Hydnum  divorsidens  Fr.*  (Britain).  The  sporophores  form 
yellowish- white  crusts  or  brackets,  with  spiny  outgrowths  on 
the  lower  side.  The  hymenial  layer  consists  at  first  of  basidia 
only,  later,  however,    hyphae    grow    up    through    it    and    build 

1  Eriksson,  Laadllrr.  Atad.  Hand.  v.   Tidub:,  1879. 
]R.  Hartig,  Zerettzungstr&ckeinu'iifcn. 
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over  it  a  new  hymemum ;  this  is  continued  for  some  time  so 
that  the  sporophore  consists  of  successive  layers,  and  the  spiny 
outgrowths  become  much  thickened.  Infection,  as  was  experi- 
mentally shown  by  Hartig,  takes  place  on  wounds. 

The  wood-destruction,  consisting  of  a  white-rot,  was  studied 
by  Hartig,  chiefly  on  the  oak  and   beech.     It    begins    by    the 


Fin.  Ml— Folyparui  igniariat.  Gaming  death  or  a  White  Alder  plantation  at 
l'utnou,  StaoEer  Thai,  Tyrol.  Tho  "terns  bear  (poropborai,  and  die  from  above 
downward*,     (t.  Tubouf  phot) 

appearance  of  yellowish  longitudinal  bands  (not  white  aa  with 
Sten-iim,  kirsutum),  and  extends  gradually  till  the  wood  becomes 
uniformly  yellow.  The  mycelium  causes  the  inner  layera  of 
the  cell-walls  to  swell  gelatinously  without  previous  transfor- 
mation into  cellulose,  and  finally  to  dissolve  out  leaving  the 
middle  lamellae  longest  intact. 
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Hydnnm    Scbiedermayeri    Heufl.    (U.S.    America).      Sporo- 
phores fleshy,  with  a  sulphur-yellow    colour    both    outside    and 
inside,   and    with    a   smell   of    anise.      They    occur    on    living 
apple-trees,  less  frequently  on  other  species  of   Pyrus.     Accord- 
ing to  Schroeter,  Thiimen,  and 
Ludwig,  the  mycelium  spreads 
through  the   stems  and   kills 
the  trees. 

Thiimen '  thus  describes  the 
diseased  wood  of  the  apple:  "It 
has  a  greenish -yellow  colour, 
which  passes  over  gradually 
to  the  normal  colour  of  the 
wood :  it  becomes  soft  and 
friable,  smelling,  like  the 
sporophore,  faintly  of  anise." 

Sistotrema  fusco-violaceum 
Sch rail.  (Britain.)  This  according 
to  Skiljakow'  is  parasitic  on  living 
pines,  entering  by  wounds,  and 
carrying  destruction  throughout 
the  wood. 


POLYPOREAE. 

Polypoim 

Sporophores  large  and 
usually  shaped  more  or  less 
like  a  hoof  or  small  bracket. 
The  sporogenous  layer  is  com- 
posed of  cylindrical  tubes,  ^p^T^r^^T  £t££  $ 
which  generally  occupy  the  Tub8"'  p'10'-' 
lower  surface  of  the  sporophore. 

The  substance  between  the  tubes  is  different  from  that  of  the 
rest  of  the  sporophore. 

Polyporus  (Pomes)  iirniariua  (L.).s  (Britain  and  U.S.  America). 
Sporophores  on  living  stems  of  oak,  alder,  apple,  willow,  and  other 

'Thumon,  "  Era  Apfelbanm-Scbadling."     ZeiUch.  /.  P/anzentrankhtiteti,  1891. 
5  Stiljutow,  Scripta  botan.  horti  univermkitis  Pttropolitanat,  1890. 
3R.  Hai-tig,  ZfratlamgatrtcheiiMngen,  PI.  XV.  and  XVI. 
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deciduous  trees.1    They  are  brown  or  grey  in  colour,  tuber-like  or 
hoof-shaped,  and  continue  to  grow  for  Beveral  years ;   the  upper 


Tubeuf  (Forall.-natwwim.  Zeittckri/t,  1893)  describes  a  plantation  of  Ainu* 
-  >-  Tyrol,  which  was  being  killed  out  by  this  fungus  (Fig.  262).  It  is 
"-itish  species.     (Edit.) 
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Bide  is  concentrically  marked,  and  has  a  stoue-hard  coating  which 
is  generally  more  or  less  cracked ;  several  zones  and  layers  of 
tubes  will  be  found  when  the  sporophore  is  cut  in  section. 

This  fungus  produces  a  white-rot  in  the  wood,  and  is  one  of  the 
most  common  and  dangerous  of  wound-parasites.  The  wood 
attacked  by  the  mycelium  is  at  first  dark  in  colour,  then 
yellowish-white  and  soft.  According  to  Hartig,  a  delicate 
mycelium  fills  up  the  elements  and  eats  away  the  inner  layers 
of  the  walls ;  then  the  middle  lamellae  are  transformed  into 
celluloBe  and  absorbed  by  it  (Fig.   264). 

Polyporas  fomentarins  (L.)  (Fames  fomentarkts  (L.)  Fr.)1 
(Britain  and  U.S.  America).  "  Tinder-fungus."  Sporophores 
broad  and  shaped  like  reversed  brackets  or  hoofs.  Their  upper 
side,  at  first  brownish  and  velvety,  becomes  afterwardB  smooth, 
grey,  and  marked  with  broad  concentric  zones.  The  margin 
is  rounded  and  uniformly  grey.  The  pore-layer  is  smooth  and 
greyish- brown.  A  longitudinal  section  shows  a  homogenous 
tinder-like  mass,  covered  on  its  lower  surface  by  layers  or 
zones  of  pores. 

The  tinder-fungus  is  parasitic  on  beech,  elm,  and  mountain 
maple.  It  is  particularly  common  in  beech -forests,  and  was 
even  more  so  at  one  time  when  the  infected  trees  were  allowed 
to  remain  standing.  The  sporophores  may  be  found  on  living 
stems,  on  remnants  of  trees  broken  by  wind,  and  on  felled 
trees.  For  some  distance  above  and  below  the  seat  of  the 
sporophore  runs  a  furrow  on  the  stem,  marking  a  tract  where 
the  mycelium  has  penetrated  to  the  cambium  and  killed  it,  so 
that  growth  in  thickness  ceases  (Fig.  266,  a). 

The  mycelium  causes  in  the  wood  a  white-rot  of  a  light 
yellow  colour.  Where  the  wood  is  still  firm,  though  diseased, 
it  will  be  found  to  be  divided  into  cubical  portions  by  white 
tracts  of  mycelium  which  run  both  radially  and  vertically.  A 
very  characteristic  feature  of  the  destruction  consists  of  broad 
white  leathery  bands  of  mycelium,  formed  in  a  radial  direction 
through  the  wood ;  these  are  best  seen  on  stems  shattered  by 
storm,  or  on   wrought  timber.* 

■Roatrup,  Tidtdaifl  pa  Skovbitrg,  1883.  Tubeuf,  "  Mittheilungen,"  Aileg. 
Portf-.  u.  Jagd-Zeilnng,   1887.     A  common  British  apcciea.      (Edit.) 

'KniU  {Sehles.  G**./.  vattrland.  Knit.,  1893)  diatiuguishes  a  gelatinous  mycelium 
and  a  cushion -mycelium. 
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Tinder,  prepared  from  the  soft  central  part  of  the  thick 
sporophores,  was  at  one  time  used,  with  the  help  of  steel  and 
flint,  for    procuring    flame.      It    is    very    effective    in    stopping 


is  BtTarlan  latent  near  Biachoffereut.    In  tlio  foreground,  ■  living 
...n  -> ^rophoras  of  Po((i)»rtu.ftiit«tlar*ii«.    '-  Tnh.n«  nhni  \ 


haemorrhage  from  cut  blood-vessels,  and  is  still  used  in  surgery. 
The  larger  pieces  can  be  manufactured  into  caps,  gloves,  vests, 

Dgitzed  by  G00gle 


and  hose.  The  privilege  of  collecting  the  tinder-fungi  was 
rented  out  and  regarded  as  a  source  of  forest-revenue,  while  the 
tinder-industry  was  formerly  an  important  one  in  many  districts, 
where  sporophores  were  more  frequent  and  larger  than  now. 

Measures   against   this   fungus   have   already  been  considered 
in  our  General  Part  (§  12). 


Fig.  SOU.— Poiyporw  JiiHcnlariui  on  living  Beech,     a,  A  furrow  extending 
above  and  below  the  ineertlon  of  the  iporophore.     b,  An  Injury  produced  by 

Waring  at  the  wood  in  felling,    (v.  Tubeuf  puot.j 

Polyporns  sulphurous  (Bull.) '  (Britain  and  U.S.  America). 
The  sporophores  are  flat  and  soft,  the  upper  side  being  bright 
orange-red  and  the  lower  sulphur-yellow.  They  last  only  for 
one  year,  hence  are  small ;  they  frequently  occur  in  masses, 
one  above  another  in  tiers.  After  death  they  lose  colour, 
become    brittle,    and    are    easily    detached.       According    to    De 
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Seynes,1  three   other   kinds  of  spores  are   produced  in  addition 
to  bfisidiosporea. 

Willow,  poplar,  oak,  sweet  chest- 
nut, alder,  ash,  hazel,  pear,  cherry, 
robinia,  larch,  silver  fir,  etc.,  are 
common  hosts  of  this  parasite. 

Wood  infested  by  the  mycelium 
darkens  in  colour,  exhibiting  a  red- 
rot.  Vessels  and  all  clefts  or  spaces 
become  filled  with  white  felted 
masses  of  mycelium.  The  wood,  in 
course  of  destruction,  becomes  richer 
in  carbo-hydrates,  and  the  walls  of 
the  wood-fibres  shrink  so  that  fis- 
sures with  an  upward  right  to  left 

direction  are  formed,  but  do  not  reach         *,„.  26g.  _  poifjxm*    ntoUrm. 
the   middle   lamellae.     Finally  the      ^™"W(AtterUR.  Hartig.)  * 

wood  becomes  dry,  brittle,  and  powdery. 

Polyporus     borealis     ( Wahlenb.)     Fr. !     (Britain     and     U.  S. 
America).      Sporophores   annual,  white,   and   fleshy ;    the  upper 


Fir.  aw.— Fatmtr 


d  I-.K1U!  iliioimi  thi.-cr 


to  mycsliun 
lofOnk.    (, 


surface  is  shaggy  when  fresh,  and  no  internal  zones  are  exhibited. 
The  shape  is  somewhat  cushion  or  bracket-like,  but  very  variable  ; 

'Da  Seynen,   Aaaal.  lie  Sti.   not.,   Ser.    V.,   Vol.    I.,   1884. 

*R.  Hartig,  Ztrnetz-ungaeraeheiiumgen,  PL  X.  .      ' 
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many  generally  grow  near  each  other.      The  pores  have  a  torn 
margin  and  cystids  are  frequent  between  the  baBidia. 

The  sporophores  are  common  in  spruce  plantations,  and  are 
accompanied  by  a  very  characteristic  wood -destruction.  The 
wood,  in  the  earlier  stages,  becomes  brownish-yellow  and  inter- 
sected by  radial  and  vertical  canals  filled  with  a  white  mycelium 
(Fig.  270).     Gradually,  however,  it  breaks  up  into  small  cube- 


Pio.  S70.— Polrpena  bortatit.    DwtrucUon  of 

Iprucu-wixxl.     The  white   mycelium   Is   present, 
liridlng  tbe  decayed  wood  into  cubical  piucea. 


dliidli 

(v.  Tubeuf  phot.) 

like  pieces,  particularly  evident  when  the  wood  is  broken  (Fig. 
271).  The  cell-walls  are  dissolved  from  the  cell-cavity  out- 
wards, the  lignified  wall  being  first  converted  into  cellulose  and 
disappearing,  finally  the  middle  lamella. 

Polyponis  dryadens  Fr.1  (P.  pseudoigniaHus  Bull.)  (Britain 
and  U.S.  America).  Sporophores,  annual,  large,  shaped  like 
tubers  or  hoofs,  and  generally  situated  towards  the  base  of  the 

'R.  Hartig,  Zerselzungterarheinungat,  PI.  XVII. 
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sterna  of  oak-trees.  At  first  they  are  soft,  later  hard  and  brown 
with  grooves  on  the  upper  side.  The  dark  heart-wood  of  the 
oak  exhibits  white  or  yellowish  longitudinal  stripes  of  rotten 
wood  converted  into  cellulose  (Fig.  272).      In  the  white  portions 


fio.  K*.— Putyponu 


the  destruction  is  more  complete  than  in  the  yellow,  where  dis- 
solution of  the  lamellae  has  not  as  yet  taken  place  (Fig.  273). 

A  simultaneous  destruction  of  the  wood  by  P.  dryadats  and 
P.   igniarint  may  occur  {Fig.  274) ;    in  this  case,  the  medullary 
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rays  appear  snowy  white  at  the  place  where  the  two  forms 
of  rot  meet;  this  is  due  to  an  accumulation  of  starch  left 
after  the  cell-walls  have  been  almost  completely  dissolved. 

Polyporua  (Poria)  vaporarins  (Pers.)1  (Britain  and  U.S. 
America).  The  sporophores  are  white,  and  have  a  pungent 
odour ;  they  form  crusts  (never  brackets)  closely  adherent  to 
dead  substrata,  especially  to  beams  and  other  timber  in  buildings, 


Fki.  a? 4 Potyporiu  JpjrarfiK"  and  P tly- 

porn*    iyniariU4.      lfcmtructioD   of    Oak. 

■tags  of  decay  nt  Oak-wood.    The  darker  both  fungi.    Tho  wood  li  yellowlnh  and 

(V.  Tubeuf  phot.)  unchanged  starch.     («.  Tubeuf  phoi.) 

where  this  fungus  does  great  hann.  They  are  also  found,  how- 
ever, on  bark  of  living  steins  of  spruce  and  fir.  The  destruction 
takes  the  form  of  a  red-rot,  the  wood  attacked  becoming  red- 
brown,  cracked,  and  soft  The  mycelium  is  found  in  stems  and 
roots  of  trees ;  in  cracks  in  the  wood  and  below  the  bark,  and 
on  the  surface  of  timber  in  buildings,  it  forms  fan-shaped  strands 
of  a  permanent  white  colour.  The  mycelial  strands  of  the 
"dry-rot  fungus"   {Merulim   lacrymam)   differ  from  it  in  being 

1  Very  common  in  Britain  on  dead  wood,  leas  bo  on  living  trees.     (Edit.) 


db,  Google 


poi,yporus.  443 

nt  first  white  but  becoming  grey,  and  in  exhibiting  an  internal 
differentiation  which  thoBe  of  P.   vaporarius  do  not.1 

The  hyphae  in  the  course  of  their  growth  do  not  seek  out 
the  pits,  but  grow  straight  through  the  walls  and  bring  about 
dissolution  of  the  middle  lamella  for  some  distance  around.  At 
the  same  time  numerous  short  oblique  fissures  in  the  walls  are 
produced  vertically  one  over  the  other,  especially  in  the  elements 


are  borne  on  a  toparata  piece  of  wood,  from  which  a  fourth  hu  boon  out  off. 
(v.  Tiibeiif  phot.) 

of  the  thick-walled  autumn  wood.  (Compare  with  P.  si&tolre- 
inoides,  Fig.  280).  The  phenomena  accompanying  destruction  of 
wood  by  this  fungus  are  so  characteristic  that  Conwentz2  could 
distinguish  it  quite  clearly  in   tree-reinains  enclosed  in  amber. 

Brefeld  succeeded  by  artificial  culture  of  the  spores,  in  raising 
a  mycelium  on  which  basidia  were  formed,  at  first  directly, 
afterwards  from  large  sporophores. 

Polyporus  squamosa  (Huds.).     (Britain  and  U.S.  America.) 

1  K.  Hartig,  Der  erh/e  Hauntrkwamm,  Berlin  {Springer),  1885. 
1  Con  went?.,   Monographic  d.   balrinchen   BrmtttMiaieme,   1890, 
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Spirophores  annual,  occurring  from  spring  to  autumn ;  at  first 
tender  and  fleshy,  later  leathery  or  almost  woody.  In  form 
they  are  short- stalked,  flat,  Bemi-circular  or  kidney-shaped,  and 
attached  by  one  edge ;  they  may  also  be  stalked  and  circular 
or  cup-shaped.  Their  upper  surface  is  yellowish,  with  flat  brown 
scales  arranged  in  concentric  lines.  The  hymenial  layer  is 
continued  well  on  to  the  thick  fleshy  stalk  of  the  sporophore ; 
it  is   yellow   in    colour,    and    consists    of   short    angular   pores. 


Fio.  270.  -Poli/parm  hiipiivi  on  piece*  at  living  Ash.     (v.  Tubeuf  phot.) 

The  spores  are  spindle-shaped  and  colourless.  The  fungus  is 
especially  common  ou  living  hazel,  ash,  species  of  maple,  beech, 
mountain  ash,  horse-chesnut,  elm,  oak,  willow,  pear,  lime,  etc. 

The  wood  of  the  specimen  in  Fig.  275  exhibited  extensive 
white-rot,  the  inner  parts  being  completely  converted  into  a 
soft  white  spongy  mass  of  mycelium. 

Polyporns   hispidus    (Bull.).1     (Britain    and    U.S.   America.) 

Sporophores  annual,  soft  and  spongy,  with  a  rough  brown  upper 

'A  very  common  form  on  aah  trees  in  Britain.     (Edit.) 
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surface,  and  a  smooth  yellowish  hymenial  surface.  They  are 
large  and  flat,  the  thickest  part  being  at  their  insertion 
(Fig.  277).  Several  frequently  occur  on  the  same  stem,  especially 
if  wounds  or  frost  injuries  are  present.  The  spores  are  brown 
and  roundish.  Conidia  are  said,  by  Schroeter,  to  be  formed  on 
the  upper  surface  of  the  aporophoreB. 

This  species  is  a  deadly  enemy  of  fruit-trees,  especially 
apple.  In  the  vicinity  of  Munich  the  sporophores  are  common 
on  ash.     Schroeter  gives  elm  and  plane  as  hosts,  and  Prillieux 


Pin.  S7!.—Poltponu  hiipidm.  Longitudinal  Miction  through  ■  Uv)ii«  item  of 
Ath,  mnd  a  •porophore  of  P.  Mmidut.  The  iltm  shows  symptom*  of  wood- 
destnictlon,  in  Chat  It  baeomw  brown  and  hu  short  white  longitudinal  and 
radial  stripe*,    (v.  Tubeuf  phot.) 

and  Delacroix  state  the  fungus  to  be  very  dangerous  to  the 
mulberry  in  France. 

It  causes1  brown  discoloration  of  the  wood  accompanied  by 
characteristic  short  white  lines  in  both  radial  and  vertical 
directions,  so  that  the  wood  becomes  marked  out  in  squares. 

Polypoma  (Poria)  laevigatas  Fr.1     Sporophores  dark-brown 

'Prillieux  (Bidltt.  tie  la  Soc.  mycolog.  ilt.  Franct,  ix.,  1893),  gives  details  of 
the  destruction  of  the  wood. 
»Mayr,  fioian.  Ctntralblatt,  xn..,  1884. 
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and  forming  crusts  on  the  bark  of  birch.  Spathulate  cystidia 
occur  between  the  basidia.  Spores  colourless,  and  acutely  ovate 
in  shape. 

This  is  parasitic  on  birch.     The  mycelium  kills  and  permeates 
the    wood -parenchyma   which    forms    the    greater    mass    of    the 
later-formed  parts  of  each   year-ring,  with  the  result   that    the 
various    year-rings   of   the    wood   separate   from  each    other   as 
concentric  hollow  cylinders.     The  mycelium  varies  according  as 
its   pabulum   consists  of   cells    just   killed,   or  of    wood,    or    of 
elements  in  the  last  stages  of  decomposition ,  in  this  latter  case 
it  suffers   from   want   of  food.     In  woody  elements  in    contact 
with  air,  or  those  destroyed 
by  PolypoTus  betulinits,  the 
mycelium    is    brown     and 
forms      vesicular      tyloses 
similar  to  Agaricus  milieu*. 
Polyporus  betnlinns  Fr. 
(Britain  and  U.S.  America). 
The  sporophores  are  annual, 
and    emerge    as    spherical 
structures  from   the   unin- 
jured bark,  or  from   bore- 
holes of  Beetles,  or  other 
wounds.       When     mature 

Flo.  2TB.—  Petfpena  it  Intuitu  OB  ftlulo  wmiMB, 

rbo  .poropbora  w»»  d0»a]oped  boi-iion tally  on  •      they  are  hoof-like  or  semi- 

fallen  stoni ;  It  !■  here,  however,  «et  up  vertically  .     J 

»nd  photographed  from  tba  lower  eide.    (v.  Tubeuf         Circular  and  Short- Stalked  : 

when  dead  they  become 
soft  and  break  off.  The  upper  side  is  light-brown  in  colour,  the 
pore-layer  is  white.  A  section  through  the  sporophore  shows  it 
to  be  white  and  homogeneous  without  zones.  Lanceolate  cystidia 
occur  between  the  basidia.  The  spores  are  rod-like.  The  pore- 
layer  and  the  upper  brown  layer  are  easily  detached,  and  strips  of 
the  remaining  tissue  are  sometimes  utilized  as  razor-strops. 

This  parasite  frequents  living  birches,  ultimately  causing  death. 
It  is  known  to  occur  on  both  Betvla  verrucosa  and  B.  pubescent 
in  Britain,  America,  and  Europe.  Its  parasitism  and  injurious 
results  were  first  demonstrated  by  liostrup.1     Mayr*  investigated 

1  Rostnip,  "  SqvI  tea  vain  per  Augreli  paa  Skovtraeerne,"  Tidaskrifl  m  S'trn- 
btoy,  1883.  *^ 

=  M».yr,  Botan.  Ceiitrtdblait,  sis.,  1884. 
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in  greater  detail  the  destruction  brought  about  by  its  mycelium. 
He  found  that  it  penetrates  lignified  cell-walls,  entering  the  living 
elements  and  causing  their  death;  it  spreads  most  rapidly  in  the 
vertical  direction  through  wood,  bast,  and  rind,  growing  through 
parenchyma  and  sieve-tubes,  and  even  boring  its  way  into  the 
sclerenchymatous  stone-cells;  it  absorbs  the  secondary  thickening 
by  dissolving  out  first  the  ligneous  incrustation,  next  the  cellulose, 
while  the  middle  primary  lamella  remains  behind  untouched. 

Polyporus  (Follies)  falvus  (Scop.)  (Britain).  Sporophores 
woody  and  very  hard,  at  first  hairy  but  later  smooth,  dark, 
and  cracked ;  in  form  they  are  tuberous  or  triangular.  In- 
ternally they  show  no  stratification.  The  fungus  is  very  common 
on  living  plum  where  it  causes  undoubted  injur}' ;  it  also  occurs 
on  horn  bean  and  aspen. 

Polyporus  falvus  var.  Oleae  Scop.  In  northern  Italy 
may  be  frequently  observed  a  peculiar  splitting  of  the  stems 
of  olive  trees  into  two  or  more  portions ;  the  fissures  occur 
generally  on  the  lower  parts  of  the  tree,  and  may  extend  so 
deeply  that  the  stem  appears  to  stand  on  stilts  or  props. 
Hartig '  ascribes  this  phenomenon  to  the  presence  in  the  olive 
stems  of  the  mycelium  of  Polyporus  ftdvus  causing  rotten  places 
which  are  cut  out  by  the  Italian  cultivators ;  the  disease,  how- 
ever, continuing  to  make  progress,  it  may  be  necessary  in  course 
of  time  to  cut  so  deeply  into  the  stem,  that  tracts  extending 
right  through  may  be  removed ;  this  takes  place  all  the  more 
rapidly  if  several  diseased  spots  are  being  simultaneously 
operated  on.  The  destruction  of  the  olive-wood  by  this  parasite 
is  similar  to  that  produced  by  P.  igniarius  on  oak  and  other 
trees.  The  sporophores  appear  on  rotten  spots,  but  are  gener- 
ally-quickly  removed  by  the  cultivator.  Infection  takes  place  on 
wounds,  hence  it  is  advisable  at  once  to  apply  tar  after  cutting 
out  any  decayed  wood,  and  also  to  paint  pruning-cuts  or  other 
exposed  surfaces  with  tar.  Neighbouring  fruit-trees,  liable  to 
suffer  from  this  same  fungus,  should  be  similarly  treated,  both 
for  their  own  safety  and  that  of  the  olive  trees. 

Polyporus   (Follies)  Hartigii  Allescher2   (P.  ignttarw*  var. 

Ztlhcluift, 
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pinuum  Bresadola  or  P.  fulvus  Scop,  of  R.  Hartig).     Sporophores 

on  silver  fir,  less  commonly  on  spruce.     Their  form  varies  much, 

according  as  they  occur  on  a  branch  or  on  the  stem.     In  the 

former  case,  the  sporophore  forms  a  swelling  below  and  on  each 

side  of  the  more  or  less  horizontal  branch.     On  the  stem  they 

are  more    or  less  bracket-like.     The   sporophores   are    reddish 

brown  with  a  smooth  upper  surface  on 

which  zones  are  only  faintly  indicated 

or   altogether  absent.     Internally  they 

are  of  a  brownish  or  tawny  colour,  and 

exhibit  concentric  strata,  which  do  not 

extend  into  the  pore-layer;  they  are  thus 

distinguished    from    sporophores    of  P. 

igniarius  and  others.     The  sporophores 

are  very  frequent  on  cankered  stems  of 

fir  where  the  canker-spots  afford  easy 

entrance  for  the  spores. 

The  wood-destruction  consists  in  a 
white-rot.  The  wood  becomes  yellowish- 
white  with  clear  spots  and  fine  dark 
lines,  especially  where  in  contact  with 
healthy  parts.  The  mycelium  is  yellow- 
ish, and  consists  of  thick  hyphae  with 
lateral  branches  forming  tangled  masses 
which  frequently  fill  up  the  cavity  of 
the  bordered  pits.  This  mycelium  gives 
off  very  fine  branches  which  bore  through 
the  cell-walls  and  dissolve  them  in  such 
a  way  that  the  middle  lamellae  disappear 
first  and  leave  the  remainder  of  the  wall- 
thickening  for  a  time  isolated  before  it 
too  is  used  up.  In  this  way  large  holes  are  formed  in  the 
elements  of  the  wood, 

Polyporua  Bistotremoides  (Alb.  et  Schw.)  (P.  Schweinitzii 
Fr.  or  P.  mollis  Fr.  of  R.  Hartig)1  (Britain).  Sporophores  almost 
circular  with  a  short  thick  central  stalk ;  while  young  they 
are  light  brown  and  spongy,  but  when  older  become  dark  brown 
and  corky.  The  upper  surface  is  downy ;  the  hymenial  layer 
extends   far   down   the   stalk,  when  young  it  is  yellowish  green, 

1  R.  Hartig,  ZersetztingfersrlKiJivngiiTi,  PI.  IX. 
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(v.  TubeuJ  phot) 


db,  Google 


POLYFOKUS. 


449 


but  later  becomes  brown,  and,  on  being  touched,  deep  red.  The 
spores  are  white,  and  various  forms  of  hairs  occur  among  the 
basidia.  Young  sporophores  appear  as  little  brown  cushions  on 
felled  timber,  also  on  Jiving  stems  of  pine,  and,  according  to 
Magnus,  on  Weymouth  pine. 

The  disease  generally  makes  its  first 
appearance  in  roots  and  lower  parts  of  the 
stem,  spreading  thence  into  higher  parts. 
Diseased  wood  has  a  characteristic  odour  of 
turpentine;  it  has  a  reddish -brown  colour, 
and,  as  destruction  proceeds,  it  gradually 
shrinks  and  disintegrates  till  it  becomes  so 
soft  as  to  be  easily  powdered  between  the 
fingers.  Where  broken  over,  the  wood  is 
often  covered  with  a  thin  white  coating  of 
mycelium  incrusted  in  resin  so  as  to  appear 
like  chalk. 

The  mycelium   penetrates   the  cell-walls  ( 

in  all  directions.  A  very  characteristic 
feature  of  thiB  parasite  is  furnished  by 
shrinkage-fissures  in  the  thick  walls  of  the 
tracheids  of  the  summer-wood  (Fig.  280).  * 

These  are  numerous  and  run  upwards  from 
right  to  left  extending  through  the  whole 
wall  to  the  outermost  layers.  They  differ 
from  the  fissures  in  tracheids  destroyed  by 
P.  vaporarius,  in  that  they  run  round  the 
whole  circumference  of  the  cell,  instead  of 
being  small  and  set  vertically  above  each 
other. 

Polyporus  (Fomes)  pinicola  (Sw.)  (U.S. 
America).  Sporophores  thick,  hoof-like  or 
bracket-shaped,  with  a  smooth  dark-grey  upper  side  and  a  bright 
red  rounded  margin.  The  hymenial  layer  is  smooth  and  yellowish, 
the  spore-powder  white.  In  section  the  sporophores  are  white. 
The  species  is  frequent  on  living  stems  of  spruce,  pine,  and  fir, 
alao  on  birch  and  cherry. 

Polyporus  (Pomes)  marginatus  Fr.  (U.S.  America).     Sporo- 
phores with  red  margins,  and  otherwise  very  like  those  of  the  pre- 
ceding species,   yet   generally   much  larger,  and  more  extended. 
2f 
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The  two  species  are  held  by  many  authors  to  be  identical. 
It  occurs  chiefly  on  stems  of  beech,  also  on  oak  and  birch. 
In  regard  to  its  parasitism  nothing  further  is  known. 

Polypoms  (Fomes)  annosns  Fr.  (Trametea  radiciperda 
Hartig1)  (Britain  and  U.S.  America).  The  sporophores  vary 
much  in  form,  according  as  they  occur  more  above  or  more 
below  ground  on  tree  stems,  or  on  timber  in  mines.  The 
upper  surface  is  brown  and  marked  in  zones,  the  margin  being 
lighter.  The  section  through  the  woody  sporophore  is  white. 
The  hymenial  layer  is  also  white.  Spores  ovoid  and  colourless, 
germinating  easily  in  water.  In  artificial  cultures,  Brefeld 
states2  that  they  produce  only  conidia. 


Fin.  I8L— Potyporvi  annum  Fr.  (TVonutoi  rwficijvnia.  HarttgY     Stool  of  » 

t»«voral  years  old.  a,  a.  While  opeii-pured  layer  forming  otoi- the  dead  bsaldial 
laynr  b,  A;  at  c  a  nnuw  atrip  of  wood  »tiU  roni»lH»  firm,  the  ramalndar  la 
completely  destroyed  and  rotten.    (After  B.  Hartig.) 

This  species  was  first  investigated  in  detail  by  K.  Hartig,1 
and  is  described  by  him  as  the  most  dangerous  of  all  parasites 
in  the  conifer  forest.  It  is  most  frequent  on  Conifers,  e.g.  pine, 
Weymouth  pine,  spruce,  silver  fir,  Douglas  fir,  balsam  fir, 
juniper,  and  Thuja;  it  also  occurs  on  various  broad-leafed  trees, 
e.g.  beech 3  and   hawthorn. 


5Brefeld,  Schimmelpilze,  Heft  8,  1889. 

'  Rostrup,  AfbUdning  og  JhttriveUe  of  tk  farligtte  Snyllt 
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The  mycelium  penetrates  both  baat  and  rind  causing  a  very 
acute  red-rot  in  the  wood,  so  that  death  of  the  tree  attacked 
rapidly  follows.     The  disease  makes  its   appearance    on    plants 
of   all    ages,    and    in    forests    of    spruce    or    pine    causes    gaps 
which   rapidly    extend    in    a    centrifugal   direction.     The    roots 
and    lower    parts  of   the    stem    are    generally    the    parts    first 
attacked.     On  the  roots,    the   parasite   is    easily   distinguished, 
even  in  the  absence  of  sporophores, 
by  the  very  delicate  white  mycelial 
membranes     formed     between     the 
bark-scales.       Destruction    of    the 
wood  becomes  first  evident  by  the 
appearance   of  vertical   dark   lilac- 
coloured  stripes  indicating  the  stage 
when    the    parenchyma    cells    are 
killed.     At  a  later  stage,  the  wood 
becomes  brown,  and  shows  isolated 
black    spots    with    white    margins 
(Fig.  282).      These  last  consist  of 
coils  of  dark  mycelium  surrounded 
by  wood  from  which  the  incrusting        Fio.36a.— /^pon.  mmo™.  D«truo- 

,_.  ,  ,  j.        i        i  f°"  of  Spruce-wood.    Longitudinal  tec- 

substance  bas  been  dissolved  away,     tion«howiDgwhtto(ceiiuioM)«poM  with 

.  i  ii    i  j-i       3-  blMk  <my™liuni)  oent«t     (?.  Taheal 

leaving  only  cellulose,  readily  dis-     phot) 
tinguished     by    turning    blue     on 

treatment  with  chlor-zinc-iodine ;  here  too,  the  middle  lamellae 
are  ultimately  dissolved  out,  so  that  the  elements  become  isolated. 
A  colourless  mycelium  may  also  be  found  in  the  other  parts 
of  the  wood,  both  inside  the  elements,  and  extending  in  all 
directions  through  the  cell-wall,  leaving  holes  where  it  itself 
has  disappeared.  Dissolution  of  the  lignifying  substance  pro- 
ceeds from  the  cell-cavity,  the  middle  lamella  remaining 
intact  till  the  last  The  resin  of  the  decayed  wood  passes  over 
into  all  healthy  partB  and  flows  from  the  bark  of  diseased 
stems   as   a  resin-flux. 

The  most  effective  method  for  combating  the  ravages  of 
this  parasite  is  isolation  of  infected  areas.  In  one  case  which 
I  investigated  in  Baden,  several  spots  in  the  forest  formed  • 
very  evident  starting  points,  and  sporophores  were  everywhere 
present  at  the  base  of  stems  amongst  the  moss.  Such  spots 
should   be    enclosed   by   ditches   with    vertical   sides,   and    deep 
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enough  to  cut  through  all  roots,  care  being  taken  to  leave  no 
diseased  stems  or  roots  outside  the  circle ;  after  remaining  open 
for  a  time,  the  ditch  must  be  refilled  with  soil  to  prevent 
development  of  sporophores  on  the  exposed  roots.  Diseased  stems 
should  be  felled,  and,  along  with  all  root-remains,  burned  on 
the  spot,  where  there  is  no  risk  of  forest  fire ;  failing  this,  they 
and  their  stumps  should  be  deeply  covered  over  with  soil,  to 
prevent  development  of  sporophores. 

The  following  species,  of  Polyporna  have  been  observed  on 
living  trees,  but  details  in  regard  to  their  parasitism  and  mode 
of  destruction  are  still  wanting : 

P.  officinalis  Fr.  On  larch,  chiefly  in  Russia,  but  also  ill  France  and 
Switzerland.  The  sporophores  are  white  irregular  masses,  and  at  one  time 
were  used  in  medicine.  The  mycelium  forms  bands  in  the  wood  similar 
to  those  of  P.  ttdphureus. 

P.  albus  (Corda),  according  to  Ludwig1  is  a  cause  of  a  disease  of  Conifers, 
which  extends  from  the  root  upwards.     (U.S.  America.) 

P.  spumeus  (Sow.).     On  apple  trees.     (Britain  and  U.S.  America.) 

P.  fumosus  (Pers.).  On  willow,  ash,  maple,  and  other  broad-leaved  trees. 
(Britain  and  U.S.  America.) 

P.  picipes  Fr.  On  willow  and  other  broad-leaved  trees.  (Britain  and 
U.S.  America.) 

P.  (Pomes)  ciniMuaomena  Frog.    On  cherry  trees.    (Britain.) 

P.  radiatus  (Sow.).  On  alder  (A.  incaiia),  birch,  and  beech.  (Britain  and 
U.S.  America.) 

P.  (Fomes)  ribis  (Fr.).  On  black  currant  and  gooseberry  shrubs.  (Britain 
and  U.S.  America.) 

P.  ( Poly  st  ictus)  hirsutus  Fr.  (Britain  and  U.S.  America).  On  living 
hornbeam,  alder,  oak,  birch,  and  service.  A  variety,  tcniposus,  is  common 
and  injurious  on  cherry. 

P.  ulmarius  Fr.,  is,  according  to  Cavara,'  parasitic  on  living  elm  near 
Pa  via.     (Britain  and  U.S.  America.) 

P.  (Fomes)  nigricans.     On  birch.     (Britain  and  U.S.  America.) 

P.  salicinus  (Pers.).  A  dangerous  enemy  of  willow.1  (Britain  and  U.S. 
America.) 

Rostrup*   gives   Corticium  comedens  as  a  wound- parasite   of  oak   and 

Hartig  describes  Fistulina  hepatica,  the  liver-fungus,  as  causing  a  dark- 
brown  colour  in  oak-wood. 

1  Ludwig,  Lehrbuch  d.  niederen  Kryptogamen. 

'Cavara,  Revue  Mycol.,  1891. 

'Tursky,  Russian  translation  of  R.   Hartig's  " Lehrbvrh  d.  liaumtranthtiUn." 

4Rostrup,  ForttaUe   UmlerttxjeliKr,  1883. 
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Sporophores  as  in  Polt/porus,  except  that  the  substance 
between  the  pores  does  not  differ  from  that  of  the  rest  of  the 
sporophore.1 

TrameteB  pini  (Brot.)  Ft.1  Ring-scale  of  Pine.  This  is  a 
dangerous  forest  parasite  in  Northern  Germany ;  alBO  in  Britain 
and  U.S.  America.  On  the  pine  the  sporophores  develop  from 
branch- scars,  and  assume  a  bracket  form.  The  fungus  has  also 
been  observed  on  spruce  in  Bavaria  and  elsewhere,  but  in  this 
case,  the  sporophores  are  more  frequently  found  as  a  coating 
over  the  bark  on  the  under  side  of  a  branch.  Larch,  silver 
fir,  and  the  Douglas  fir  (in  America),  have  also  been  mentioned 
as  hosts. 

The  sporophores  are  brown  and  woody,  and  continue  to  form 
annual  hymenial  zones  for  a  number  of  years.  The  hymenial 
layer  consists  of  pore-tubes  lined  with  basidia,  between  which 
thick-walled  cystidia  are  formed.  The  spores  are  elliptical,  and 
on  germination  penetrate  into  wounds  or  broken  branches  not 
protected  by  nn  outflow  of  resin.  The  older  branches  of  pine- 
and  larch  have  a  central  heart-wood  from  which  no  resin  is 
secreted,  and  these  branches,  when  broken  over,  offer  the  neces- 
sary access  to  the  germinating  spores;  for  this  reason,  infection 
takes  place  most  frequently  in  old  plantations.  The  mycelium 
spreads  through  branch  and  stem,  particularly  upwards  and 
downwards  in  the  same  year-Ting.  In  this  way  longitudinal 
stripes  and  peripheral  zones  are  formed  in  the  wood,  giving  rise 
to  the  popular  name  "  ring-scale/'  Single  hyphae  bore  through 
the  cell-walls,  and  a  ferment  secreted  by  them  dissolves 
the  incrusting  substance,  so  that  walls  affected  show  the  re- 
actions for  cellulose  almost  at  once.  A  very  characteristic 
feature  is  the  appearance  of  isolated  white  spots  or  holes,  indi- 
cating where  the  wood,  after  becoming  cellulose,  has  been 
dissolved  out  entirely.  The  middle  lamellae  are  dissolved  out 
first  in  attacks  of  this  fungus,  the  tertiary  lamellae  remaining 
longest  intact  (Fig.  12).     The  dark  centres  of  mycelium  inside 

1  The  distinction  between  the  genera  Potyporua  and  Trametta  is  badly  defined. 
A  reinvestigation  of  the  systematic  relationships  of  the  whole  group  of  Polyporeae 
would  in  fact  be  advisable. 
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white  wood-spots,  so  characteristic  of  Poiyporue  annoms  {Tram, 
radwiperda),  appear  only  rarely  in  this  species. 

The  destruction  of  spruce  and  fir  goes  on  from  pith  to  bark ; 
in  the  pine,  however,  it  seems  to  be  confined  to  the  heart-wood, 


Fio.    28B.-- JVonulM  pixi   on   Spruce  (Piwu  Flo.iM,  —  Tnmilet pini  onSpnice. 

tzntntiy     SporDphom  on  the  stem   beneath  h  Board    ihotolng    the    ctutncturiBHc 

fliiflg-branch.     {t.  Tubenf  phot,)  white  eoUuloee-flpoU  in  the  wood, 

(v.  Tubeuf  phot) 

and   is  prevented  from   entering  the  sap-wood   by  a  firm   zone 
permeated  with  resin. 

Remedial    measures    are    the    removal   of   all   diseased  stems 
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at  thinning;  and  the  prevention  of  unnecessary  injuries  to  living 
branches  or  stems. 

Trametea   auaveoiens  (L),  common  on  dead  willow,  is  also 
reported  as  parasitic  on  living  stems.    (Britain  and  U.S.  America.) 


AGARICINEAE. 
Agaricm 

Sporophores  umbrella- shaped  and  fleshy,  and  decaying  soon 
after  discharge  of  the  spores.  Hyinenium  on  the  under  side 
of  the  umbrella,  and  spread  over  a  series  of  radiating  gills  or 
lamellae,  easily  divisible  in  a  longitudinal  direction. 

The  genus  is  divided  into  sections  and  subgenera  distinguished 
by  the  colour  of  the  spores ; .  the  Coprinarii  are  black-spored ; 
the  spores  of  tho  Pratelli  are  dark  purple,  brownish-purple,  or 
dark  brown  ;  of  the  De.rm.ini  brown,  yellowish-brown,  or  orange  ; 
of  the  Hypirrhodii  rosy  or  salmon-coloured ;  of  the  Leucospori 
white. 

Agaricns  (Armillaria)  melleus  Vahl.1  (Britain  and  U.S. 
America.)  The  honey-fungus  or  "  hallimasch."  The  sporophores 
are  present  in  numbers  towards  the  close  of  summer  on  tree- 
stools  of  all  kinds,  and  on  the  bark  of  dead  or  living  Conifers; 
also  on  timber,  and  even  on  earth.  The  fleshy  stalk  is  somewhat 
thickened  towards  its  base,  and  towards  the  upper  part  bears 
the  membranous  yellowish  annulus  (Fig.  286).  The  cap  sur- 
mounting the  stalk  is  honey-coloured  or  brownish  with  dark 
scales.  The  spores  are  white  and  bestrew  adjacent  objects  with 
a  mealy  dust.     The  sporophores  arc  edible. 

The  connection  between  the  sporophores  and  the  rhizomorph- 
strands  was  proved  by  Hartig.  These  rhizomorphs  are  very 
common  and  vary  much  in  form ;  they  occur  as  round  brown 
strands  running  through  the  earth  from  root  to  root  of  attacked 
trees ;  inside  hollow  stems  and  in  wooden  water-pipes,  they 
retain  their  rounded  form,  but  under  the  bark  of  trees  they 
become  dark  brown  flattened  bands  (Fig.  288).  They  are  not 
uncommon  on  timber;  in  mines  they  may  be  frequently- 
seen    hanging    from    the    woodwork    as    tangled    clumps,    with 
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numerous  branches  like  the  runners  of  some  hanging  plant,  e.g. 
Aaron's  Beard  (Baxifraga  sarmentosa).  The  rhizomorphs  live  as 
saprophytes  and  have  been  long  known  to  emit  phosphorescent 
light.  Sporophores  are  developed  directly  on  them,  and  if  one 
sows  the  spores,  a  delicate  hyphal  tissue  is  produced,  which, 
under  suitable  conditions,  passes  gradually  over  into  the  rhizo- 
morph-strand.  Brefeld  succeeded  in  raising  rhizomorphs  from 
spores  in  artificial  nutritive  media. 


The  ^(/ajiCMs-mycelium  forms  fan-shaped  snowy-white  firm 
membranous  expansions  under  the  bark  of  newly  killed  or  still 
living  trees.  They  are  quite  distinct  from  the  much  more  delicate 
mycelial  expansions  of  Polyporm  annosus,  and  offer  a  particularly 
easy  means  of  distinguishing  between  the  two  species.  Another 
indication  of  Agarictis  is  the  great  outflow  of  resin  from  the  bark 
at  the  base  of  the  stem  and  from  roots,  whereby  hard  clumps  of 
earth  are  formed  round  the  roots.  The  passage  of  the  rhizomorphs 
into  the  white  membranous  mycelium  is  easily  observed.     The 
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rhizomorphs  distribute  the  fungus  in  the  earth  and  other  dead 
substrata,  as  well  as  bore  into  the  bark  of  healthy  Conifers. 

This  parasite  attacks  not  only  the  indigenous  Conifers  (spruce, 
silver  fir,  pine,  larch,  and  juniper),1  but  also  the  introduced 
forms — Weymouth  pine,  Douglas  fir,  Pinus  rigida,  Abies  Pichta, 
Picea  sitchensis,  various  Cupreasineae,  etc.  It  also  seems  to  attack 
broad-leafed  trees,  at  least  as  a  wound  parasite.2 

In  regard  to  the  interesting  structure  of  the  rhizomorphs, 
and    the    characteristic    mode    of    wood-destruction     caused    by 


through  a  lame]  1m.     el,  The  hyphae  forming 
the   eiibeUnce  of    the    lamella   are    much 

end  in  club-ehapHl  baaidla.  a  ;  on  many  of 
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this  fungus,  I  give  directly  the  account  by  Hartig  in  his 
"Lehrbuch."3  "The  pathological  symptoms  can  only  be  ex- 
plained in  the  light  of  the  peculiar  organization  of  the  mycelial 
growth  that  liveB-  in  the  cortical  tissues.  The  apex  of  the 
rhizomorphs  consists  of  delicate  pseudoparenchyma,  which, 
elongating  by  the  division  and  growth  of  the  cells,  produces 
delicate   hyphae   on   the   inside   at   a   certain  distance  from  the 

1 1  found  it  on  juniper  in  the  pine- forests  near  Eberswalde.     (Auth.) 
'The  mycelium  does  not  seem  capable  of  penetrating  uninjured  broad- leaver! 

trees,  but  R.  Hartig  [FornU.-mUtirwiiu.  Zeitsehrift,  1894,  p.  428}  mentions  attack 

and  death  of  cut  roots  of  healthy  oaka, 
3  R.    Hartig,    Lthrbuch   d.     Baumkrankheiten,    1889.       The   translation  given 

here    is    from    Prof.    Son  leni  lie's    English    edition   of    Hartig's   text-book,   p. 

210.     (Edit.) 
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point,  whereby  a  felted  tissue,  called  the  medulla,  is  produced 
in  the  interior.  The  outer  parte  of  the  pseudoparenchyma,  on 
the  other  hand,  coalesce  to  form  the  so-called  rind,  which  when 
young  gives  off  numerous  delicate  hyphae,  and  these,  taking 
advantage  of  the  medullary  rays,  penetrate  the  wood,  and 
especially  the  resin-ducts,  should  such  be  present.  In  the  wood 
the  growth  is  upwards.  This  filamentous  mycelium,  which  pro- 
gresses much  more  rapidly  in  the  interior  of  the  wood  than 
the  rhizomorphs  which  grow  in  the  cortex,  completely  destroys 


bunds,  develops!  between  the  bark  «nd  wood  of  s,  tree.   (v.  Tubeul  phot.) 

the  parenchyma  that  exists  in  the  neighbourhood  of  the  resin- 
ducts,  and  to  all  appearance  this  is  accompanied  by  a  partial 
conversion  of  the  cell-contents  and  the  cell-walls  into  turpentine. 
The  turpentine  sinks  down  under  its  own  weight,  and  in  the 
collar,  where  the  cortex  is  withered,  having  been  killed  by 
rhizomorphs,  it  streams  outward,  pouring  partly  in  between  the 
wood  and  the  cortex,  and  partly  into  the  surrounding  soil  at 
places  where  the  cortex  has  ruptured  owing  to  drying.  On 
this   account   the  disease   was    formerly    called    '  Resin-flux '    or 
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'  Besin-glut.'  In  the  upper  parts  of  the  stem,  where  the  cambium 
and  cortex  are  still  sound,  the  turpentine  also  flows  laterally, 
by  means  of  the  ducts  of  the  medullary  rays,  from  the  injured  canals 
towards  the  cambium  and  cortex.  In  the  latter  this  accumulation 
induces  the  formation  of  Urge  resin-blisters.  When,  during  the 
summer,  the  cambium  is  forming  a  new  ring,  the  plethora  of 
resin  has  the  effect  of  causing  the  production  of  numerous  resin- 
canals,  which  are  usually  large  and  abnormally  constructed,  and 
these  impart  to  the  wood-ring  formed  during  the  year  of  sick- 
ness a  very  striking  and  characteristic  appearance. 

"  The  mycelium  gradually  spreads  from  the  cells  of  the 
medullary  rays  and  from  the  res  in -ducts  into  the  vascular 
elements  of  the  wood,  where  it  produces  a  form  of  decay  which 
may  be  termed  a  variety  of  white-rot.  During  the  progress  of 
the  decomposition  from  the  surface  of  the  stem  inwards  a  certain 
stage  is  reached,  which  is  highly  favourable  to  the  development 
of  the  mycelium.  While  previously  it  was  simply  filiform  and 
furnished  with  numerous  lateral  hyphae,  it  now  develops  large 
bladder-like  swellings,  and  at  the  same  time  the  hyphae  change 
into  a  kind  of  large-meshed  parenchyma,  which,  like  the  tyloses 
in  the  vessels  of  many  dicotyledonous  trees,  completely  fills  up 
the  lumina  of  the  tracheides.  On  account  of  the  mycelium 
assuming  a  brown  colour  when  in  this  condition,  it  makes  the 
portion  of  diseased  wood  which  it  infests  appear,  to  the  naked 
eye,  like  a  black  line.  As  this  kind  of  mycelium  soon  dies 
off  and  is  dissolved,  being  replaced  by  a  delicate  filamentous 
mycelium,  it  seldom  happens  that  the  zone  which  it  occupies 
exceeds  the  breadth  of  three  to  four  tracheids.  The  walls  of 
the  elements  of  the  wood  afterwards  display  a  cellulose 
reaction,  and  speedily  dissolve  from   the  lumen  outwards. 

"  On  account  of  the  trees  drying  up,  after  the  rhizomorphs 
have  spread  from  the  point  of  infection  on  the  roots  into  the 
stem,  and  again  from  the  stem  into  the  hitherto  sound  roots, 
decomposition  of  the  stem  usually  ceases  before  the  mycelium 
has  advanced  from  the  alburnum  into  the  duramen.  It  is  only 
in  the  stool  and  roots  that  decay  rapidly  spreads  throughout 
the  whole  of  the  wood." 

Methods  for  exterminating  this  parasite  are  unknown,  beyond 
removal  of  diseased  plants  and  collection  of  sporophores.  It 
would    certainly  be  advisable    not   to   plant    young  conifers  on 
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cleared  forest-land  where  the  fungus  sporophores   are    numerous 
on  dead  stools  or  roots. 

Agaricus  (Pholiota)  adiposus  Fr.1  (Britain  and  U.S. 
America).  This  is  a  conspicuous  bright  yellow  or  honey-yellow 
toadstool,  with  a  glistening  slimy  cap  which,  as  well  as  the 
stalk,  is  beset  with  concentric  darker  scales  (Fig.  289).  The 
scales  and  delicate  annulus  become  indistinct  or  disappear  on 
old  sporophores  or  after  much  rain.  The  Btalk  is  thick,  fleshy, 
and  stiff,  and  while  growing  so  changes  its  direction  as  to  keep 
the  cap  always  in  a  horizontal  position.     The  pileus  or  cap,  at 


ircphorM  were  roind  nn  Fir-wood  in  a  miar.    Tim 
balk*,  nnd  i  bftMl  swelling  beect  wilh  wlille  down. 

first  globose,  opens  out  cone-shaped  or  flat  with  a  diameter  of 
about  5  cm.  Remains  of  the  velum  adhere  to  the  margin.  The 
underside  of  the  cap  is  at  first  yellow,  later  mouse -grey. 
The  lamellae  are  of  three  sizes,  the  largest  extending  from 
margin  to  stalk.  From  the  lamellae  arise  the  basidia,  with 
four  sterigraata  each  giving  off  a  single  spore.  The  spores 
fall  at  maturity,  and  cover  neighbouring  objects  with  a  brown 
dust.  They  are  oval  with  a  length  of  7-10^  and  a  breadth 
of  5-6ju. 

The    sporophores    spring    up    rapidly    in    large    numbers    on 
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living  stems  of  silver  tir,  beech,  etc.,  and  on  felled  wood.1  In 
the  forest,  on  newly  erected  piles  of  firewood,  the  yellow  stools 
may  frequently  be  found  in  every  stage  of  development  growing 
from  the  cut  billets,  while  they  are  especially  numerous  on  the 
rotting   useless    timber   left   lying.      In    cellars   or  other    moist 


indut  of   the   wood  ii   ysllov.     (v.  corroded  fluurea  no  longer  odd 

'     '    ■  '      -  ■      -phot) 


Uum.     (».  Tubeuf  p 


chambers,  the  sporophores  may  be  abundantly  produced  till 
Christmas,  but  out-of-doors,  August  is  the  time  of  fructification. 
The  mycelium  forms  felted  masses  under  the  bark  or  in  cracks 
of  the  wood,  and  thence  the  sporophores  arise  as  little  pale- 
yellow  buttons,  which  gradually  unfold  and  become  differentiated 
into  cap  and  stalk.     While  quite  young,  they  show  the  darker 
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scales  arranged  regularly  in  concentric  lines.     The  stools  break 
out  from  living  stems  through  cracks  in  the  bark  or  from  wounds, 
eg.  those  made  by  wood-peckers. 

The  fir-wood,  normally  white,  assumes, 
when,  diseased,  a  yellow  or  honey-colour, 
more  or  less  like  the  sporophore,  while 
here  and  there,  parts  may  become  light 
brown.  The  hyphae  grow  in  all  direc- 
tions, but  especially  as  white  strands  up 
and  down  the  year-rings,  while  others 
in  horizontal  and  vertical  direction  break 
up  the  wood  into  irregular  patches 
(Fig.  290).  In  the  final  stages  of 
destruction  the  wood  will  be  found 
laminated  into  its  separate  year-rings 
and  very  much  broken  up  into  irregular 
pieces  (Fig.  291). 

The  sporophores  of  this  Agarwus  are 
not  uncommon  protruding  from  bark- 
cankers  caused  by  Accidiitm  elatinum, 
and  its  mycelium  assists  in  the  destruc- 

todPelrpanuHarl'iffii.    Doatroc-  tlOIl    of    the    Stem. 

lion., I  [■■ir-wuod.    Tho boundary 

of  the  regions  affected  by  the  AgaricuS  (Pholiota)  squnrrostis  (Mull.).      On 

dark  lino  of  dsmarkation.     To  living  and   dead   stems  of   broad -leaved   trees. 

the  right  the  destruction  la  that  /T>_:t,in  v 

produced  ta  Ptimmn  aipiiffii.      V  Britain.; 

(».  tSbS  p^otT'™'  "d''™"'  A*    (Pk>  dertrneM  (Brood).     On  living 

and  dead  stems  of  poplar.     (Britain.) 
Ag.  (Ph.)  aurivellus  (Batsch.).    On  living  and  dead  stems  of  broad-leaved 
trees.     (Britain.) 


"FUNGI  IMPERFECTI." 

The  fungi  placed  here  have  life-histories  which  as  yet  have 
not  been  completely  investigated,  most  of  them  being  known 
only  in  the  form  of  pyenidia  or  conidia.  The  number  of  species 
was  at  one  time  much  larger,  but  it  is  gradually  being  re- 
duced as  the  forms  are  proved  to  be  stages  in  the  life 
of  some  species  of  definite  systematic  position  in  the  other 
groups  already  considered. 

The  group  may  be  divided  into  the  provisional  sub-groups, 
the  Spkaeropsidcac,  Melanamieae,  and  ffyphomycetes. 
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I.     SPHAEROPSTDEAE. 


Conidia  abjointed  from  conidiophores  contained  in  dark- 
coloured  pycnidia  somewhat  spherical  in  form.  The  various 
species  are  provisionally  arranged  in  genera  according  to  the 
colour  of  the  conidia  and  the  number  of  cells    contained    in 

them.     The   families  here   included  are   the  Sphaerioideae,  Nee- 
trioideae,   Lcptostromaccae,  and  Excipulaceae. 

i.     FAM.  SPHAERIOIDEAE. 

HrALOSFORAK. 

Phyllosticta, 

Fungi  with  colourless  spores,  and  producing  sharply  defined 
spots  on  living  leaves.  They  oecur  on  all  kinds  of  woody  plants, 
but  as  a  rule  the  injury  caused  is  too  slight  to  be  called  a  disease. 

From  the  long  list  given  by  Saccardo  (Vols,  in.,  ix.,  and  x.) 
the  following  have  been  selected : 

Phyllosticta  persicae  Sacc.  This  produces  on  leaves  of  peach 
brownish-yellow  spots,  frequently  marked  by  concentric  zones. 
The  name  "  shot- hole  fungus  "  has  sometimes  been  applied  to 
this  and  other  allied  forms,  because  the  leaves  become  more  or 
less  perforated  by  the  withered  spots  falling  out.  The  pycnidia 
on  reaching  maturity  rupture  the  lower  epidermis  of  the  leaf 
in  a  star-like  manner.  Briosi  and  Cavara  do  not  regard  this 
parasite  as  very  harmful,  because  leaves  attacked  by  it  remain 
alive  without  serious  prejudice  to  their  function. 

Ph.  pirina  Sacc.  has  been  observed  injurious  to  pear-trees  at 
Geisenheim  (Germany). 

Ph.  prunicola  Sacc.  is  the  cause  of  spotting  of  leaves  of 
apple,  plum,  cherry,  and  apricot     (U.S.  America.)1 

Ph.  cytisi  Deam.  On  leaves  of  Cytisus  Laburnum  in 
Britain  and  Europe. 

Ph.  acericola  Cook  et  Ellis.  On  various  species  of 
maple  {Acer  dasymrpum,  etc.).     It   is   described  by   Galloway* 

'The  chief  authorities  for  the  occurrence  of  the  "Fungi  imperfectj  "  iu 
Britain  and  North  America  are  Masses  {Britith  Fimgv*  Flora,  1895),  Farlow 
and  Seymour  {Host-hides  for  U.S.  America,  1891),  and  Saccardo  {Syllogt 
fungontm).  Professor  J.  W.  H.  Trail  kindly  revised  the  records  for  Britain. 
(Edit.) 

■Galloway,  "Report  of  sect,  of  Veget  Pathology  for  1888."  U.S.A.  De.pt. 
of  Agriculture,  Washington. 
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as  injurious,  especially  in  nurseries  and  groves  where  the  trees 
are  grown  in  number. 

Ph.  sphaeropsoidea  E.  et  E  is  another  American  species 
which  has  become  prominent  on  account  of  its  ravages  in 
nurseries  of  horse-chestnut.  The  disease  appears  about  the  end 
of  June,  and  by  August  the  foliage  of  attacked  trees  is  almost 
entirely  dead. 

Ph.  groasulariae  Sacc.  On  leaves  of  Ribet  Qronularia  in  Italy  and  North 
America. 

Ph.  vulgaris  Desm.  A  common  species  on  leaves  of  species  of  Ltmieera. 
(Britain  and  U.S.  America.) 

Ph.  aambuci  Desm.     On  species  of  Sambucut.     (Britain.) 

Ph.  cornicola  (D.C.).     On  leaves  of  species  of  Cornut  in  America. 

Ph.  limhalis  Pers.     On  oblong  white  spots  on  leaves  of  box.     (Britain.) 

Ph.  tiliae  Sacc.  et  Speg.    On  leaves  of  Tilia,    (Britain.) 

Ph.  maculiformis  Sacc.  is  probably  a  stage  of  Spkaerella  maeulifbrmi* 
Aueraw.  It  is  a  dangerous  parasite  causing  a  leaf-spot  on  sweet  chestnut 
{Cattanea)  and  other  trees. 

Pb.  violae  Desm.  A  source  of  considerable  damage  to  violets  in  America ; 
it  also  occurs  in  Europe  and  Britain. 

Ph.  althaeina  Sacc.  has  been  reported  as  dangerous  to  hollyhock  in  the 
United  States.' 

Ph.  phaseolina  Sacc  appears  occasionally  as  a  parasite  on  leaves  of 
kidney  beans.     (U.S.  America.) 

Ph.  viciae  (Lib.).     On   Vieia  sepium.     (Britain.) 

Ph.  cirsii  Desm.     On  leaves  of  Ciretum.     (Britain.) 

Ph.  apii  Hals.1  produces  a  leaf-spot  on  celery,  and  has  caused  con- 
siderable loss  in  America. 

Ph.  tabaci  Pass,  occurs  on  leaves  of  tobacco  in  Italy. 

Pb.  bataticola  £11.  et  Mart.,  and  others,  have  been  recorded  on  sweet 
potato  in  America. 

Ph.  betae  Ond.  occurs  on  leaves  of  sugar  beet  and  mangel. 

Ph.  tabiflca  Frill.1  Prillieux  believes  the  disease  of  beet- 
root known  as  "  heart-rot,"  to  be  due  to  this  Phyllostwta.  It  is 
probably  a  conidial  form  of  Sphrurella  tabijica  Prill.  The  symp- 
toms of  disease  are  withering  of  the  outer  leaves,  followed  by 
the  appearance  of  whitish  spots  with  withered  tissue  filled  up 
with  mycelium.  Thence  the  disease  spreads  into  the  younger 
parts  and  causes  "  heart-rot "  of  the  root. 

Frank  is  of  opinion  that  "  heart-rot "  is  caused   by  Sporides- 

1  .V.  J.  Agric.  Exper.  Station  Report,  1891. 

'Prillieux  et  Delacroix,   Bullet,   de  la  sue.  mytoi  de  France,  vm.,   1891. 
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mium  putrefariena  Fuck.  This  is  probably  the  cause  of  the 
gradual  blackening  of  the  leaves,  yet  it  does  not  appear  to 
lose  its  saprophytic  nature. 

Frank  also  gives  Phoma  belac  Fr.  as  one  cause  of  the  heart- 
rot  of  the  sugar  beet  (comp.  Phoma). 

It  will  thus  be  seen  that  the  cause  of  the  rotting  of  beet- 
root, sugar  beet,  and  mangold  is  still  very  obscure.1 

Ph.  galeopsidis  Sacc     On  leaves  of  O'aleopni  Tetrahit.     (Britain.) 
Ph.  atriplicis  Desm.     On  leaves  of  Chenopodium  and  A  triplex  in  Europe- 
and  Britain. 

Ph.  chenopodii  Sacc  has  been  found  injurious  to  spinach  in  America. 
Ph.  podophylli  (Curtis).     In  leaves  of  Podophyllum peltatam  in  America. 
Ph.  primulicol*  Desm.     On  withering  leaves  of  Primula.     (Britain.) 
Ph.  macicola  Dur.  et  Mont.     On  leaves  of  species  of  Muscu*.     (Britain.) 


Depuea. 

A  provisional  genus  including  species  of  which  the  spores 
or  conidia  are  unknown,  so  that  the  forms  included  in  it  will 
probably  be  found  to  be  related  to  various  groups.  They  live 
in  many  cases  on  living  leaves,  causing  discoloration.  Some 
of  tbem  are: 

Depazea  acetoaae  Op.    On  Rumex  Aettota, 

D.  impatientis  Kirchn.     On  Impatient  Noli-tangere. 

D.  geicola  (Fries).     On  Oeam  urbanum. 

Phoma. 

Conidia  unicellular  and  colourless.  Pycnidia  black  and  em- 
bedded, but  having  a  distinct  pore.  The  species  produce  spots 
with   ill  defined  margins. 

Phoma  abietina  Hartig*  (Fusicoccum  aMetinUm  Prill,  et 
Delac).  This  parasite  is  a  frequent  cause  of  death  to  the 
silver  fir.  The  branches  become  brown,  yet  retain  their  needles, 
hence  when  they  occur  isolated  amongst  neighbouring  green 
branches  they  are  at  once  conspicuous.  On  close  examination 
of    the    dead    or    dying    branches,    areas    of    shrunk    or    con 

■According  to  Kaxlson  {Petroicsk.  Akad.  /.  Landwirthttltafl,  1890)  anil  Holl- 
riegel  [Ztitxch.  dt»  Vrrein  /.  RUbeKZHcktrindiiMrk  d.  deuttch.  Reielia,  1890) 
insects  take  no  port  in  it. 

?  Ilartig,    Lehrbtteh   d.    Baumkranhhtiten,    Ed.   ii.    (English  Edition   by   V7. 
Somervillo).     Mer,  E.,  Journal  <U  Botaaiqvt,  1893. 
20 
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atricted  tissue  will  be  found  extending  quite  round  the  twig 
(Fig.  293).  At  these  places  the  bark  imd  cambium  have  been 
killed,  whereas  the  higher 
portions  of  the  twig  have 
continued  to  increase  in 
thickness.  Numerous 

small  black  pyenidia 
break  out  on  the  bark 
of  diseased  places  and 
give  off  small  unicellular 
spindle  •  shaped  conidia, 
which  convey  infection 
to  new  hosts  in  August 
or  September.  Killed 
branches  die  and  dry 
up  without  casting  their 


Ph.  pithya  Sacc. 
causes  a  disease  similar 
to  the  preceding  on  the 
Douglas  fir  (Psevdotsiiga 
Douglasii).  The  pyenidia 
of  the  fungus  are  found 
on  dead  constricted  parts 
of  twigs,  and  they,  as  well 
as  other  symptoms  of  the 
disease,  closely  resemble 
those  of  Phoma  abutina. 
Rostrup*  defined  and  de- 
scribed it  as  Ph.  pithya 
Sacc.  Magnus  also  re- 
cords it  on   branches  of 

Fio.  MS.— Phoma  attttixa.    Twig  of  Silvor  Hr  show        „-  ,        .    .     .      „      •  - 

ing  the  constriction  ch.imcteri.tic  or  tbi>  diieue,      P\nv&  sylve&tns  in  Berlin 

dotted  ow  with  pycnldU.    (AfttrK.  H»rtig.)  ,     .       .  , 

botanic  garden. 
Other   species   of  Phoma   frequent  other  conifers  and   broad- 

1  Bohm  (Ztttsek,  f.  Font-  u.  Jagd-tee»tn,  1896,  p.  1M)  describes  and  figures 
an  attack  of  this  parasite  on  Pneudottuga  Douglasii  in  North  Germany.  One 
cannot,  however,  avoid  suggesting  some  confusion  between  this  and  Ph.  pithya 
described  next.     (Edit.) 

*E.    Rob  trap     UnderSOrgelmr    over    Snyltti    ramps*    Anarch    pan    Skovtrattr, 


db,  Google 


PHOMA.  467 

leaved    trees,    but    details    in    regard    to    their    parasitism    are 
wanting. 

Ph.  Hennebergii  Ktihn.1  Brown-spot  of  wheat-ears.  This 
produces,  on  the  glumes  of  wheat,  brown  spots  with  projecting 
pycnidia  from  which  unicellular  conidia  emerge.  The  grains  of 
attacked  ears  shrivel  up  and  become  spotted,  while  the  value 
of  the  chaff  as  fodder  is  much  diminished.  Whole  fields  may 
be  attacked,  showing  marked  discoloration,  and  producing  but 
few  healthy  ears.2  The  fungus  may  also 
appear  on  the  leaves  and  produce  pycnidia. 

Ph.  lophiostomoides  Sacc*  Lopriore 
regards  this  as  a  parasite  on  cereals,  but 
Cavara  looks  on  it  as  saprophytic  on  the 
dead  plants. 

Ph.  ampelintun  De  Bary  (Sphaceloma 
ampelinum  De  Bary).  Anthracnose  of  the 
Vine.*  The  mycelium  of  this  fungus  can 
penetrate  into  leaves,  green  bark,  or  fruit, 
and  kills  the  tissues.  Spots  are  first  pro- 
duced, then  enlargement  of  the  neighbour- 
ing tissues  takes  place,  causing  the  spots 
to  appear  as  if  sunk  in  depressions,  and 
reminding  one  of  hail-wounds.  On  leaves 
and  grapes,  the  spots  are  sharply  defined, 
at  first  dark- brown,  later  with  greyish 
centres  and  dark-brown  margins.  In  the 
later  stages  the  dried-up  spots  may  drop  out  of  the  leaves. 

Anthracnose,  or  "  birds-eye  rot,"  constitutes  one  of  the  dreaded 
vine  diseases  of  America  and  Europe,  so  that  it  has  received 
much  attention,  both  as  to  its  life-history  and  remedial  measures ; 
as  yet  however  with  but  partial  success.  Copper  sulphate 
solutions  seem  to  be  fairly  successful  remedies,  as  shown  from 
results   of  the   many   experiments   recorded   in   the    Journal   of 

1  Kilhii,  Iledivit/ia,  1877,  p.  121  ;  also  in  Rabenhorat's  Fungi  twrop.  No.  2261. 
Frank,  Ztitach,  fur  PfimieitJtranlcheiten,  111.,   1893,  p.  28. 

'Eriksson  (MUM.  der  k,  Lanrlb.  Akad.  Stockholm,  1890)  records  a  case  of 
this  kind,  but  the  conidia  are  drawn  two-celled  a>  in  a  Dipiodina,  whereas 
Klihn'a  original  drawings  have  only  one-celled  conidia. 

'Cavara  et  Eriksson,  Ztittch.  f.  PJlatizenkrankhtiten,  in.,  p.  23. 

'Goethe,  MUM.  ub.  dot.  tchvxtnxii  Brenner  d.  tithtn.  Leipzig,  1878.  Cornn, 
Bullet,  de  la  Soc.  baton,  de  Frtmtx,  1878.  Prillieux  (idem),  1879.  Rathay,  '-  Der 
Wade-rat,"  1891.      Scribner,  Report  of  U.S.  Amer.  Dept.  of  Agriculture,  1866. 
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Mycology  and  the  bulletins  and  reports  of  the  American  experi- 
mental stations.  (Compare  also  Gloeosporium  ampelopkagwm 
(Pass.)  p.  484.) 

Ph.  bet&e  Frank.1  The  younger  leaves  of  well-developed 
beet-root  become  black,  and  the  disease  extends  into  the  root. 
Mycelium  fills  the  diseased  parts  and  penetrates  into  healthy 
tissues.  Pycnidia  are  developed  oo  the  diseased  spots.  The 
fungus  is  no  relation  of  Sporidesmium  putrefaciem,  a  form  to 
which  a  root-rot  is  ascribed  by  Frank.  It  is  however  probably 
identical  with  I*  ri  Hi  bus's  Phyllodicta  tabifica.  Kriiger  found 
the  disease  so  common,  that  in  many  localities  as  many  as  SO  per 
cent,  of  the  plants  were  destroyed.  Soniuer  regards  the  root-rot 
of  beet  to  be  sometimes  caused  by  Phoma,  sometimes  by 
Sporidesmium,  perhaps  in  some  cases  by  both  together. 

Ph.  sangninolenta  Rostr.1  attacks  carrot  plants  in  their  first 
year,  causing  greyish-brown  depressed  spots  on  the  bulbs  with- 
out however  appearing  to  be  very  injurious  to  them.  When 
the  seedlings  are  planted  out  in  spring,  the  mycelium 
extends  into  the  stem  and  causes  the  umbel  to  wither  at 
flowering  so  that  no  seed  is  formed.  Pycnidia  are  developed 
from  all  attacked  spots  and  give  off  conidia  as  red  tendril-like 
bodies — hence  the  species-name.  Certain  varieties  of  carrot 
appear  to  resist  attack  by  this  parasite  better  than  others. 

Ph.  aolani  Hals.  This  causes  damage  to  the  egg-plant 
(Solanum  meloTigena).1  Young  plants  die  off  on  the  hot-beds, 
their  stems  dying  near  the  earth  and  shrivelling  up.  The 
pycnidia  of  this  Phoma  appear  on  the  killed  parts. 

Ph.  cydoniae  Sacc.  has  been  reported  as  injurious  to  quince 
trees.     (U.S.  America.) 

Many  species  cause  leaf-spot  diseases.  Some  of  the  more 
important  British  and  American  species  are : 

Ph.  pmastrella  Sacc.     On  Pinut  n/lvetlrit  and  others.     (Britain.) 

Ph.  atrobi  (B.  et  Br.).     On  Pinw  Strofna.     (Britain.) 

Ph.  taxi  (Berk.).     On  yew.    (Britain.) 

Ph.  Candollei  (Berk,  et  Br.).     On  bos.    (Britain  and  U.S.  America.) 

Ph.  aorbi  (Lasch.).     On  leaves  of  Pyriu  Aucuparia.     (Britain.) 

'Frank,  Zeit*ch.  /.  PJianzenhrankktUen,  III.,  p.  90,  and  Deutsche  landm.  Pr. 
No.  89,  1893.     Kriiger,  Zeitvck.  /.  Pflanzenkrunkhtiten,  iv.,  1894,  p.   1B5. 

'Described  and  figured  by  Halated  in  Bulletin  91,  N.  J.  Agrie.  Exper. 
Station.     1S92. 
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Ph.  malvacearum  West.     On  mallows  and  hollyhock  in  Europe. 

Pb.  longissima  (Pere.).  In  species  of  Umbel  1  if erae  and  Chenopodiaceae 
ii>  Europe  and  America. 

Ph.  errabunda  Seam.     In  sterna  of    Verbaacum.     (Britain.) 

Ph.  cucurbitaceamm  (Fr.}.  On  fruits  of  various  species  of  CuiMir- 
bitaceae  in  Enrope  and  America. 

Dendrophoma. 

Pycnidia  similar  to  Pkoma,  conidiophores  however  bearing 
several  conidia  either  on  branches  or  little  processes 

Dendrophoma  Marconii  Gav.  attacks  Hemp  (Cannabis  sativa), 
causing  dark  oblong  spots  on  the  green  stem.  The  pycnidia 
are  embedded  and  break  through  the  epidermis  with  a  round 
pore.  The  eonidiophores  are  branched,  with  swollen  ends 
carrying  little  short  rod-like  unicellular  conidia.  In  case  of 
attack,  which  generally  occurs  towards  the  close  of  the 
vegetative  period  of  the  hemp,  it  is  suggested  to  cut  the 
crop  somewhat  prematurely,  and  thereby  prevent  maturing  and 
spreading  of  the  fungus. 

D.  coiivallariae  Cav.  produces  dark  elongated  spots  on  leaves  of  Con- 
vallaria  rnajalii. 

D.  valsispora  Penz.  is  recorded  by  Penzig  on  living  leaves  of  Citru* 
Limotmm  (Lemon). 

Sphaeronaema. 

Pycnidia  embedded,  membranous,  and  long-beaked.  Conidia 
ovoid  or  oblong,  unicellular,  and  almost  colourless. 

Sphaeronaema  flmbriatmn  (Ell.  et  Hals.),  (Ceratocyetis 
Jimbriata  Ell.  et  Hals.).  Black  rot  or  black  shank  of  sweet 
potato.1  The  parasite  shows  itself  as  black  depressed  spots  on 
the  lower  parts  of  young  plants,  and  these  may  extend  over 
the  whole  shoot.  The  disease  is  best  recognized  on  the  tubers, 
where  it  consists  of  dark,  somewhat  greenish  spots,  varying 
from  \  to  4  inches  in  diameter,  and  extending  some  distance 
into  the  tissue.  These  spots  when  once  seen  cannot  be  mis- 
taken, as  they  are  sunk  areas  with  distinct  margins,  like  spots 
burned  into  the  potato  with  a  piece  of  metal  which  has  left 
the  skin  uninjured.  The  mycelium  consists  of  thick-walled 
olive-brown  hyphae,  which  cause  death  and  destruction  to  the 

1  Halstud  and  Fairchild,  Jour,  of  Mycology,  Vol.  VII.,  1891,  with  Figures. 
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cells  of  attacked  tissues.  There  are  three  modes  of  spore  pro- 
duction: (1)  brown  macro-conidia  inside  the  tissues;  (2)  colour- 
less micro-conidia  on  the  spots ;  (3)  spherical  pycnidia  with  long 
necks  ending  in  a  fringed  opening.  A  sclerotial  form  is  also 
strongly  suspected.  Remedial  measures  recommended  are,  de- 
struction of  all  diseased  parts,  change  of  crop  on  diseased  fields, 
and  selection  of  healthy  seed  and  strong  sprouts. 

Several  other  species  of  this  genus  are  recorded  from  North 
America,  but  details  in  regard  to  their  mode  of  life  are 
wanting. 

Asteroma. 
Fungi    forming  star-like,  dark-grey,  mycelial  patches  on  the 

surface    of   plants.     Pycnidia    very  small    and    containing    tiny 

ovoid    or    short    cylindrical    spores.       Several    species    frequent 

living  leaves.1 

Asteroma  impressum  Fuck.    On  Tuttilago  farfara. 

A.  prunellae  Purt.     On  leaves  of  Prunella  vulgarit.     (Britain.) 

A  nlmi  Klotsch.  (Britain),  and  A  maculare  Rud.     On   Ulmu*. 

A.  padi  (D.C.)  causes  a  leaf-fall  on  Pnmu*  Padut.    (Britain.) 

A  geographicura  Deem,  is  found  on  the  leaves  of  species  of  Crataegw. 

Pntmti,  and  Pyrin  in  Europe  and  America. 

Pyrenochaeta. 

Pycnidia  emergent  or  sessile,  beset  with  bristles.  Conidia 
oblong,  on  branched  conidiophores. 

Pyrenochaeta  rubi-idaei  Cav.  forms  black  spots  on  leaves 
of  Rubiis  Idaeus.  The  pycnidia  are  spherical  with  a  tuft  of 
bristles  projecting  from  their  terminal  pore.  The  conidia  are 
little,  oval,  and  with  one  or  two  cells ;  they  are  produced  from 
slightly  branched  conidiophores. 


Vennicnlaria. 
Conidia  unicellular,  rarely  bicellular,  generally  spindle-shaped ; 
they  are  produced  inside  pycnidia,  and  are  embedded  amongst 
brown  septate  hairs.     The  species  are  a  frequent  cause  of  leaf- 
spot,  but  most  of  them  have  not  yet  been  sufficiently  investigated. 

i  this  genus,  is  a  parasite  on  Oidivm- 
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Vermicularia  trkhelLa  Fr.  occurs  ou  living  leaves  of  ivy  and  other  plants. 
(Britain.) 

V.  ipomoearum  Schw.     On  species  of  Ipomoea  in  America. 

V.  microcbaeta  Past    On  living  leaves  of  Camellia  japonica  in  Italy. 

V.  circinans  Berk.     Onion  rot  in  Britain  and  U.S.  America. 

Placosphaeria  and  Cytoapora  are  genera  containing  forms 
parasitic  on  living  plants,  but  of  little  practical  importance. 


Ooniothyrium. 

Pycnidia  brown  or  black.  Conidia  brown,  unicellular,  spheroid 
or  ovoid,  and  borne  on  short  conidiophores. 

Ooniothyrium  (Phoma)  diplcdiella  Sacc.1  White-rot  of  the 
vine.  This  disease  has  a  wide  distribution  in  Hungary,  and  has 
also  been  observed  in  France,  Italy,  and  America.  It  has  caused 
considerable  damage,  especially  in  Northern  Italy,  where  it  was 
for  a  long  time  regarded  as  the  black-rot. 

According  to  Mezey,  this  parasite  is  distinguished  from 
Laestadia  (black-rot)  iu  the  following  points : — The  pycnidia 
and  conidia  are  larger ;  the  mature  pycnidia  are  greyish  or 
light  brown  (never  black),  the  mature  conidia  are  brownish. 
The  disease  attacks  the  fruit  only,  causing  it  to  fall  off.  Rathay, 
however,  states  that  it  also  attacks  young  shoots,  infection  taking 
place  from  the  fruit.  Diseased  grapes  become  soft,  rotten,  and 
wrinkled ;  the  ridges  are  beset  with  pyenidial  pustules,  as  in 
black-rot,  but  the  grapes  never  become  brittle  and  hard. 

Viala  and  Bavaz*  have  recently  succeeded  in  rearing  perithecia 
from  twigs  and  fruit-stalks  set  in  sterilized  moist  sand.  None 
could  be  found  on  grapes.  The  perithecia  are  globular,  enclosed 
in  a  black  covering  several  cells  thick,  and  with  a  large  crater- 
like aperture.  The  asci  and  paraphyses  arise  only  from  the  depth 
of  the  peritbecium,  the  latter  being  longer  than  the  former  and 
frequently  branched.  The  asci  are  club-shaped  and  short-stalked, 
and  contain  eight  spindle-shaped  colourless  or  yellowish  asco- 
spores,  divided  by  one  to  three  cross-septa.  They  germinate  and 
produce  one  or  more  germ-tubes. 

'Rathay,  "Der  White-Rot,"  Die  Wevrfaube,  1892. 

General  description  in  Report  9,  New  Tori  Agrie.  Exptr.  Station,  1800. 
•Viala  and  Ravax,  Compt.  rtnd.,  csix.,   1894,  p.  443. 
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A  new  genus  Ckarrinia,  belonging  to  the  Sphaeriaceae  of  the 

Ascomycetes,  has  been  formed  to  receive  this  species. 

SphaeropsU. 

Pycnidia  black  and  spherical,  with  an  aperture.  Conidia  ovoid 
or  oblong,  unicellular,  dark-coloured,  and  on  stalk-like  eonidio- 
phores. 

Sph.  malorura  Peck.  The  cause  of  a  disease  in  America, 
known  as  the  black-rot  of  apple  and  quince.  The  mycelium 
permeates  and  destroys  the  skin  of  the  fruit,  which,  in  con- 
sequence, becomes  dried  up  and  mummified.  It  also  occurs  in 
Britain. 

Other  species  attack  plants  of  various  Rosaceae. 

Phabodidtuae. 
Diplodia. 

Pycnidia,  small,  spherical,  and  dark-coloured ;  the  conidia  are 
two-celled  when  mature. 

Diplodia  gongrogenaTemme.1  Temme  discovered  a  mycelium 
and  the  pycnidia  of  this  Diplodia  in  aspen  {Popvlus  tremidae) 
exhibiting  bypertropbied  outgrowths  of  wood  and  rind.  As  yet 
it  has  not  been  possible  to  artificially  produce  these  malformations 
on  the  aspen,  nor  other  somewhat  similar  ones  which  occur  on 
the  willow. 

Other  species  of  this  genus  attack  many  trees,  e.g.  holly,  lilac, 
horse-chestnut,  mulberry,  and  various  conifers. 

Htalodidthab. 

Asooohyta, 

Conidia  ovoid  or  oblong,  bicellular,  and  hyaline.  The  pycnidia 
have  a  central  aperture,  and  are  embedded  in  discoloured  portions 
of  leaves  or  twigs. 

The  following  species  are  of  practical  importance : 
Ascochyta  piai  Lib.  (Britain).     Briosi  and  Cavara  state  that 

'Temme,  Landairth.  Jahrbuck,  1887. 
Thomas,   Verhand.  d.  bolaii.   Vcrein  d.   Prov.  Brandenburg,   1874. 
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this  fungus  is  injurious  to  Pimm,  sativum,  PJiaseolns  vulgaris, 
Vicia  saliva,  etc  It  causes  spots  on  leaves  and  pods,  followed  by 
drying  up  of  the  former  and  deformation  of  the  latter.  The 
pycnidia  appear  as  tiny  points  on  the  spots,  and  give  out  bicellular 
cylindrical  conidia. 

As.     Boltshauseri     Sacc.1 
This  species  was  first  observed 

in  Switzerland  on  bean  (Pha-  nB 

seolus  vulgaris).    Leaves  of  all  n  a  Q 

ages    become    brown -spotted,  qvv 

and  premature  defoliation  may 
follow.  The  spots  are  marked 
by  concentric  zones,  and  bear 
pycnidia.  The  conidia  are 
two-  to  three-celled,  being 
distinguished  in  this  and  by 
their  larger  size  from  the 
preceding  species. 

The  following  species   fre- 
quent   living    leaves  :  Fio.  MS.- Awltrta  pm  on  P..     Enlarged 
auction  ol  pycnidia,  and  atil]    more  enlarged 

Ascochyta  treraulae  ThUm.    On       conidia.  <i.  Tubeu*  doi) 
the  aspen. 

A.  raetulispora,  B.  et  Br.      On  leaves  of  the  ash  in  Scotland. 

A.     armoraciae      Fuck.        On      Armoracia      nuticana      (Horse- radiflh). 
(Britain.) 

A.  peridymeni  Thiim.     Ob  Lontcera  PericlgmeiMm. 

A.  maculaos  Fuck.    On  Hedera  Helix. 

A.  E11UU  ThUm.    On    Vitii  Labnuca  in  America, 

A.  braasicae  Tlilioi.     On  Brtutica  aleracea. 

A.  dianthi  (A.S.).    On  DiatUhu.    (Britain.) 

A.  pallor  Berk.     On  Sabta  Idaetu.     (Britain.) 

A-  vidae  Trail.     On    Vicia  septum,  etc     (Britain.) 

A.   raalvicola  Sacc.     On  Malva  tytrextris.     (Britain.) 

A.  graiuinicola  Sacc.     On  various  grasses.     (Britain.) 

A.  scabioMC  Rabh.     On  Knautia  arventit. 

A.  nicotianae  Pass.     On  Niootiana   Tabaccum. 

A.  digitalis  Fuck.     On  Digital™  purpurea. 

A.  fragariae  Sacc  has  been  found  injurious  to  the  strawberry  crop  in  the 
United  States. 

A  aipidistrae  given  {G'ardener't  Chronicle,  xvri.,  1895)  as  a  parasite  on 
Atpidittra  in  Britain. 

1  BolUhaiiaer-AjniriBWeil,   Ztittehrift  f.  P/amentrauiheUeti,  I.,  p.    135. 
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Actinonema. 

Pycuidia  small  and  situated  on  a  gossamer  net  of  mycelium. 
Conidia  hyaline  and  divided  by  one  or  more  cross-septa. 

Actinonema  rosae  Lib.  (Astwoma  radiosum  Fr.).  This  pro- 
duces black  radiating  spots  on  rose-leaves,  on  which  pycnidia 
with  bicellular  conidia  are  developed.  A  premature  defoliation 
takes  place,  which  in  turn  causes  the  upper  buds  to  unfold  in 
autumn  before  their  time.  The  mycelium  is  distributed  both 
inside  the  leaves  and  superficially.  Timely  removal  of  diseased 
leaves  and  defoliated  shoots  might  be  recommended  as  remedial 
measures. 

A.  tiliae  Allesch.  shows  itself  in  spotting  of  the  leaves  and 
petioles  of  lime,  and  may  bring  about  defoliation  of  the  whole  tree. 

A.  fagicola  Allesch.  produces  white  spots  with  dark  margins 
on  living  beech  leaves,  and  causes  gradual  discoloration  of  the 
whole  leaf.  According  to  Allescher,1  this  disease  brings  about 
premature  defoliation  of  beech.  As  yet  it  has  been  observed  only 
in   Upper  Bavaria. 

A.  fraxiiri  Allesch.     On  living  leaves  of  the  ash. 

A.  crataegi  Pers.  attacks  leaves  of  Pyru*  Aria,  P.  torminalu,  anil 
Viburnum  Opulut. 

A.  podagrariae  Allesch.  On  living  leaves  of  Aegopodium  Podagraria, 
and  ChaerophyUum  hirrutum. 

Darlnca. 

Darluca  geaiataUs  (Fr.).  On  living  leaves  of  Cj/tinu  tagittali*.  This  may, 
however,  be  only  a  parasite  on  Vromyces  cytiti  with  which  it  is  frequently 
observed,  just  as  Dar.  filum.  occurs  on  several  Uredineae. 

Diplodlna. 

Similar  to  Diplodia,  but  having  colourless  conidia. 
D.   caataneae  Prill,   et  Delac.1  produces  canker-spots  on  the 
stems  of  chestnut,  and  brings  about  death. 

Phraoxosporae. 

Henderaonia. 

Pycnidia  formed  under  the  host-epidermis,  which  is  later 
ruptured.     Conidia  brown,  two-  or  more-celled, 

■.  mycol.  de  France,  1893. 
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Hendersonia  foliicola  (Berk.)  (Britain  and  Europe).  The 
black  globular  pycnidia  are  produced  superficially  on  leaves  of 
Jnniperus  communis.  The  conidia  are  elliptical  in  shape,  three-  to 
five-celled,  and  abjointed  from  filamentous  conidiophores.  (This 
species  is  not  identical  with  Podiosoma  Jmiperi  f$  minor  Corda, 
which  is  more  like  the  needle-frequenting  form  of  Gyw.no- 
sporangium  juniperinunt.)1 

Several  species  are  found  on  living  leaves : 

H.  cydoniae  C.  et  Ell.  on  quince  in  America. 

H.  mali  Thiim,  on  apple. 

H.  rhododendri  Thiim,  on  Rhododendron  hivutum  in  Northern  Italy  and 
Germany. 

OryptostictiB. 
Similar  to  Hendersonia,  but  having  ciliate  spores. 
Or.   cynosbati   (Fuck.).       Sorauer2   regards   this   as   parasitic 
on  Rosa  canina,  and  causing  death  of  portions  of  the  rind. 

SUgonoapora,  Couture*,  Asteromidinm,  and  Camaroaporinm  contain 
speciea  aaid  to  frequent  living  leaves  of  various  plants. 


ScOLBCOBFORAE. 

Septoria. 

Spores  generally  multicellular  and  hyaline ;  produced  from 
short  conidiophores,  contained  in  lens-shaped  embedded  pycnidia. 

Septoria  parasitica  Hartig.8  Thia  disease  may  be  frequently 
observed  in  young  plantations  and  seed-beds  of  Spruce.  The 
symptoms  are  very  like  those  following  damage  by  frost,  brown 
needles  appearing  in  May  towards  the  base  or  middle  parts  of 
young  shoots,  and  followed  by  a  premature  needle-cast.  The 
disease  is  most  apparent  on  lateral  shoots,  which  become  sharply 
bent  downwards,  the  green  needles  hanging  limply  till  they 
wither  and  fall  as  the  whole  shoot  shrivels  up. 

The  pycnidia  are  little,  black,  and  spherical ;  they  are  pro- 
duced during  the  summer,  particularly  towards  the  lower  end 

n-Arteu,"  CtHtralbt. /. 


>  Handbuch  d.  Pflanzeidrankhtittn,  it.,  1876,  p.  383. 

'R.  Hartig,  Ztittch.  /.  Font.  u.  Jaijd-tetstv,   1890;  and  Fontlich-natururitit. 
ZatKhrift,   1803. 


d  by  Google 


476  FUNQ£   IMPKRFECTI. 

of  the  shoots,  and  either  rupture  the  epidermis  or  grow  out  from 
the  leaf-scar  cushions  (Fig.  297).  The  couidia  are  abjointed 
from  filamentous  conidiophores  inside  the  pycnidia,  and  emerge 
aB  tendril-like  structures.  They  are  two-eelled,  small,  cylindrical, 
and  pointed  at  both  ends. 
*  Germination     takes     place 

easily  in  water,  and  the 
disease  spreads  rapidly  over 
the  young  developing  shoots 
during  May.  The  mycelium 
permeates  the  twig,  living 
both  inside  the  cells  and 
.j  between  them. 

|  The    disease     has    been 

"  observed    on    Picm    axel&a 

and  P.  Menziesii,  not  only 
in  nurseries  and  on  young 
trees,  but  also  in  pole- 
forest,  where  it  frequents 
the  upper  crown  and  causes 
e     ™    *  .  ■-•         v       j      _,      death.     At    the    beginning 

Fro.  200.— splaria  panuUltu.    a,  ^  outik  dimmed  O  e> 

t'T'Jf  *5|?™W,J .     S"""11  f"*h  »*iwtn-       of  an   attack    the    pruning 

1>,  Needle  diseased  towards  bate,    e.  Apex  of  a  two-  r  " 

v«r«id»hoot.iiitowbicbUiediMMehi»oitendod      0f  diseased  twigs  in  young 

backwordt  from  the   younger  (boot;    tho  brown  \  °  *  ° 

nitb  i.  indicnud  by  plantations  should  be  at- 
tended to. 

Beptoria  rubi  (Westend.).1  Blackberry  leaf-spot.  This  is  a 
parasite  of  some  economic  importance  in  the  United  States,  where 
it  interferes  with  the  blackberry  culture.  It  also  occurs  in  Europe 
and  Britain. 

S.  ribis  Desni.  produces  a  somewhat  similar  disease  on  leaves 
of  currant  and  gooseberry.1     (Britain  and  U.S.  America.) 

S.  piricola  Deem,  occurs  throughout  all  Europe,  causing  little  greyish 
spots  on  leaves  of  pear  trees.  It  is  probably  a  pyenidial  form  of  Sphaerella 
lueiltae  Sacc. 

S.  crataegi  Kich.     A  common  species  on  leaves  of  Crataegus  ill  Europe. 

S.  cerasioa  Peck.     On  leaves  of  Primus  serotina  in  the  United  States. 

Many  forms  of  Septoria  infest  cultivated  vegetables: 

S.  petroselini  Desm.  is  the  cause  of  dry  spots  appearing  on    leaves   of 

1  Description  in  Bulletin,  No.  fi,  Ohio  Agrle.  Exper.  Station,  189l'.. 
'Description  in  Bulletin,  No.  13,  loiea  Agric.  Exper.  Station,  1891. 
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cultivated  parsley  in  Europe  and  Britaii 
enemy  of  celery  in  the  United  States. 

S.  armoruciae  Sacc.  On 
horse-radish  in  America. 

S.  conaitnilis  Ell.  et  Mart, 
frequents  lettuce  in  America. 

S.  ljrcoperairi  Speg.  This 
parasite,  originally  observed  in 
America,  has  recently  been  de- 
scribed by  Briosi  and  Cavara  on 
tomatoes  in  Italy.  It  causes 
spots  on  leaves,  b terns,  and 
fruits,  inflicting  thereby  con- 
siderable loss  on  cultivators. 

The  following  are  im- 
portant forms  on  other 
cultivated  plants: 

S.  graminum  Desm. 
causes  light  spots  on  leaves 
of  wheat,  oats,  and  grasses. 
It  has  been  observed  to 
injure  the  cereal  crop  in 
Italy.1  It  is  recorded  for 
Britain  and  U.S.  America. 

S.  cannabis  (Lasch.). 
This  on  leaves  of  hemp  pro- 
duces spots,  which  are  at 
first  whitish,  then  yellowish 
with  dark  margins.  The 
pycnidia  are  embedded  in 
the  upper  side  of  the  leaf. 

The  following  species 
have  caused  injury  to 
garden  plants: 

S.  dianthi  Desm.  Car- 
nation-spot.2 The  disease 
appears  on  the  leaves  and 
stems  as  rounded  spots  of 

'Cavara  (Zeilnch.  /.  I'ftaitxtnkrankhtite.n,  in.,  p.  23)  regards  this  and  5.  tritici 
with  its  varieties,  as  forms  of  a  single  species  ;  also  Eriksson  [Out  NOgra 
tfuidomar  a  odiade  VOxttt;  1890). 

2  Atkinson,  "  Carnation  Diseases,"  at  American  Carnation  Society,  1893. 
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dirty  white  or  brownish  colour  with  a.  darker  margin.  The 
pycnidia  appear  as  black  points  on  the  spots,  and  rupture  the 
epidermis  before  giving  off  their  septate  spores. 

S.  anemones  Desm.     On  Anemone.     (Britain.) 
S.  lyehnidU  Deem.     On  Lychnis  diva-no.     (Britain.) 
S.  epilobii  West    On  Epilobium.    (Britain.) 
S.  sUchydis  D.  et  R.     On  Staekyt.    (Britain.) 
S.  urticae  D.  et  R.     On   Urtica  dioioa.     (Britain.) 
S.   cyclominis   Dur.   et   Mont.       This  produces   roundish   spots  with 
concentric   markings  on   the   leaves   of   Cyclamen   which    then   gradually 

S.  chrysanthemi  Cav,  causes  a  leaf-spot  on  Chrytanthemum  japonicum  and 
C.  indicum. 

S.  exotica  Speg.  attacks  cultivated  New  Zealand  species  of  Veronica. 

S.  hydrongeae  Bizz.  causes  injury  to  cultivated  Hydrangea. 

S.  sedi  West,  injures  Sedam.  under  cultivation  in  the  United  States 
and  Britain. 

Other  species  on  many  other  herbs  in  Britain  and  America. 

Many  species  of  Septoria  have  been  recorded  on  trees  and 
shrubs,  e.g.: 

S.  roaae  Desm.    On  rosea.    (Britain.) 

S.  hederae  West.     On  ivy.     (Britain.) 

S.  fraxini  Desm.     On  the  ash.     (Britain.) 

S.  nigro- maculae*  Thnm.     On   green  walnuts,  stunting  their  growth. 

S.  castaneae  Lev.     On  the  sweet  chestnut. 

S.  aesculi  (Lib.).     On  the  horse  chestnut.     (Britain.) 

S.  pseudoplatani  Rob.  et  Desm.     On  leaves  of  sycamore. 

S.  populi  Desm.     On  leaves  of  poplar. 

S.  didyma  Fuck.     On  Salix  triandra  and  S.  alba. 

S.  cornicola  Desm.     On  leaves  of  Corwut  tanguinea. 


FhleoBpora. 

True  pycnidia  are  not  formed,  but  the  conidia  are  abjointed 
from  cavities  in  the  stroma ;  they  are  hyaline,  rod-  or  spindle- 
shaped,  and  consist  of  two  or  more  cells. 

Phleospora  aceris  (Lib.).  On  living  leaves  of  Acer  Pteudoplatanu*. 
(Britain.) 

Phi.  mori  (Lev.).  On  living  mulberry  leaves ;  probably  related  to 
Sphaerella  mori.     (Britain.) 

Phi.   uuni  (Ft.).     On  living  leaves  of  elm.     (Britain  and  America.) 

Phi.  oxyacanthae  (K.  et  S.).  On  living  leaves  of  Crataegus  Oxyacmtha. 
(Britain.) 
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DilophoBpora. 
Dilophospora  graminis  Pesm.     (Britain.)     This  attacks  rye, 
wheat,  and  various  grosses.     Oblong  light  spote  are  produced 
and  bear  the  pycnidia ;  when  these  occur  in  the  flower  heads, 
stunting  of  the  grain  takes  place,     (See  also  DUophia,  p.  222.) 

2.  FAH.  NECTROIDEAR. 
The  fungi  of  this  family  are   chiefly   pycnidial  forms  of  the 
Ascomycetes,  and  as  such  have  already  been  considered. 

3.     FAM.  LEPTOSTROMACEAE. 
Htalosforab. 

Leptothyrium. 

Pycnidia  black  and  discoid.  Spores  ovoid  or  spindle-shaped, 
unicellular,  and  hyaline. . 

Leptothyrium  periclymeni  (Desm.).  On  living  leaves  of 
species  of  Lonicera.     (Britain.) 

L.  alnenm  (Lev.)  produces  roundish  leaf-spots  on  species  of 
Alwas.    (Britain  and  America.) 

L.  acerinum  (Kunze)  causes  spotting  of  the  leaves  of  Acer 
campestrc  and  A,  platanoitles.     (Britain.) 

Several  other  species  occur  both  in  Europe  and  America. 

Mel&smia, 

The  black  pycnidia  occupy  black  extended  stromata,  Conidia 
simple  and  unicellular,  borne  on  rod-like  conidiophores. 

Helasmia  berberidis  Thtim.  et.  Wint.  On  living  leaves 
of  barberry.  Brown  spots  are  produced,  bearing  the  pycnidia 
as  black  points ;  the  spots  cause  total  or  partial  death  of  the 
leaves,  frequently  ending  in  defoliation  of  the  shrubs. 

M.  empetri  Magn.  (Britain.)  This  species  was  observed  by 
Magnus1  causing  an  epidemic  disease  on  crowberry.  The 
symptoms  were  abnormal  elongation  of  young  twigs,  and  the 
leaves  remained  smaller  than  usual.  The  rind  of  the  stem  was 
found  to  be  permeated  by  a  mycelium  which  produced  black 
1  Berichtt  d.  devUeh.  botan.  Gestll.,  1886.     With  illustration^ 
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pustules  bearing  tbe  pycnidia  of  tins  Mclaamia.  The  cells  of 
the  cortex  dried  up,  and  the  rind  became  detached  from  the  wood 
in  the  following  year.  The  leaves  were  never  found  attacked. 
(Tbe  species  is  not  a  Rhytisma ;  nor  does  any  species  of  likylisma 
produce  similar  hypertrophy  of  its  host.) 

M.  accrina,   M.   punctata,  and   M.  salicina  are  now  recognized  only  an 
pycnidia  of  the  species  of  Rkytitma  bearing  these  same  specific  names. 


Leptoatroma. 

Pycnidia  oblong,  black,  and  flattened.  Conidia  ovoid  or 
oblong,  unicellular,  and  whitish. 

Leptoatroma  punctlforme  Wallr.  Found  on  the  leaves  of 
Salix,  Rosa,  Buxus,   Euphorbia,  etc. 

L.  caricinum  Fr.  frequents  leaves  of  Garex  and  Eriophoram 
in  Europe  and  North  America. 

The  parasitism  of  other  species  is  uncertain. 

Labrella  and  Discosia  are  genera  whose  species  have  not  as  yet  pro- 
duced diseases  of  any  serious  economic  importance. 


pHBAGMOePORAB. 

Entomosporium. 

Entomosporium  macalatum  (D.C.)  Lev.1  This  fungus,  under 
the  name  of  leaf-blight  of  pear  and  quince,  is  the  cause  of 
considerable  loss  in  the  cultivation  of  these  crops.  Defoliation 
takes  place  early  in  the  season  and  young  seedlings  are  forced 
to  form  a  new  set  of  leaves,  whereby  their  reserves  of  food  are 
exhausted.  If  this  be  repeated  several  times  the  plants  become 
exhausted  and  are  killed  off  in  winter.  Stocks  already  budded 
seem  to  remain  immune  if  not  already  diseased.  The  leaves 
are  first  attacked,  but  later  the  succulent  growing  apex  of  the 
twigs  may  also  succumb.  The  parasite  hibernates  on  tbe  bark 
in  small  depressions  containing  the  pycnidia ;  thence  it  spreads 
in  early  spring,  so  that  pustules  appear  on  the  young  leaves 
before  they  are  fully  developed. 

Spraying  with  Bordeaux  mixture,  or  solution  of  copper  acetate 

1  Galloway  and  Bouthworlh  (Report  for  1888  of  Section  of  Vegetable  Pathology, 
Dept.  of  Agriculture,  U.S.  America}  give  a  historical  account  of  the  fungus 
and  a  bibliography.     (Edit.) 
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(6  oz.  in   26  galls,  water)  have  both  produced  good  results  in 
checking  the  disease.1 

E.  mespili  (D.C.).    (See  Stiffmatea  metpUi,  p.  210.) 

ScOLECOBPORAE. 

Brunchorstia. 

Brunchorstia' destruens  Erikss.  (£,  pini  Allesch.).  In  Nor- 
way almost  all  the  plantations  of  Austrian  black  pine  (Pimm 
Laricio)  from  five  to  thirty  years  old  have  become  diseased  and 
died  out.  Similar  ravages  have  also  been  observed  in  Germany. 
Brunchorst  ascribes  this  to  a  parasitic  fungus  whose  mycelium 
may  be  found,  in  all  parts  of  diseased  twigs  and  needles,  and 
whose  pycnidia  are  formed  on  the  killed  remains.  The  disease 
begins  in  young  first-year  twigs,  the  mycelium  growing  in 
the  cortex,  pith,  and  wood.  The  needles  are  attacked  in 
summer,  become  brown  from  the  base  upwards,  and  the 
pycnidia  make  their  appearance  under  the  scale-leaves. 

Brunchorst*  describes  the  fungus  as  follows:  Pycnidia  par- 
tially embedded  in  the  tissues  of  the  host-plant ;  the  smaller 
ones  being  simple,  the  larger  divided  by  complete  or  partial 
partitions.  The  inner  wall  as  well  as  the  partitions  of  the 
pycnidium  are  closely  beset  with  straight  baaidia,  from  the 
apices  of  which  stylospores  with  two  to  five  septa  are  abjointed. 
Paraphyses  are  never  present.  The  perithecia  are  black,  oblong 
or  rounded,  slightly  grooved,  and  1-2  mm.  in  diameter;  they 
dehisce  by  one  or  more  irregular  pores  in  the  wall.  The 
spores  are  very  minute  (30  — 40  =  3/i),  tapering,  and  rounded 
at  each  end. 

Schwarz  considers  Brunchorstia  as  a  conidial  form  of  Cenan- 
guim  abietis  already  described  (p.   251). 

It  may  be  here  mentioned  that  drying -up  of  pine-twigs  may 
be  due  to  heating  by  the  sun  in  frosty  weather,  or  to  frost 
itself;8  these  are,  however,  quite  distinct  from  the  disease  just 
described. 

-'aJ 
i  Krankheit  d.  Suhwarzfohre. "    Bergena  Mnaeum,  1889. 

.  Kief ernzweige, "  Foratlichnatunci*e. 
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4.  HAM.  EXCIPULACEAE. 

The  parasitic  nature  of  the  species  of  this  family  has  not  as 
yet  been  investigated  to  any  extent. 

II.  MELANCONIEAE. 
True  pycnidia  are  not  formed,  but  the  conidia  are  developed 
in  clusters    or   aggregations    covered    over  at    first  by  the  epi- 
dermis of  the  host-plant,  which  is  ultimately  ruptured. 

Htalosporae. 

GloeoBporium. 

Conidial  clusters  colourless  or  grey,  never  black ;  they  rup- 
ture the  overlying  epidermis  and  give  off  unicellular  conidia, 
one  from  each  conidiophore. 

Glceosporium  fructigenum  Berk.1  (Britain  and  U.S.  America). 
Apple  Rot  or  Ripe- rot.  This  is  a  very  serious  disease  for 
American  cultivators.  It  not  only  attacks  apple,  but  also  the 
grape,  pears,  peaches,  and  egg-plants*  On  the  apple  it  appears 
first  as  brown  spots  which  become  more  conspicuous  as  the 
fruit  enlarges.  The  spots  on  first  sight  look  like  decay,  but 
they  are  quite  firm  and  soon  bear  pustules  of  a  white  or 
pinkish  colour  turning  to  black.  The  attacked  part  of  the  apple 
has  an  intensely  bitter  taste,  and  should  be  carefully  removed 
before  eating  the  fruit.  On  grapes  the  fungus  produces  tiny 
raised  pustules,  which  on  the  white  varieties  are  situated  on 
spots  with  a  purple  centre  and  a  brown  margin ;  the  pustules 
when  mature  give  off  flesh-coloured  conidia  The  grapes 
gradually  shrivel  np,  but  do  not  become  black  as  in  the  case 
of  the  black-rot,  nor  do  they  assume  a  bitter  taste  as  the 
apples  do. 

The  apple  bitter-rot  makes  rapid  progress  amongst  stored 
fruit,  especially  before  it  has  been  sorted  out.  Care  should 
therefore  be  taken  that  diseased  apples  are  removed  as  soon 
as  possible. 

The  spraying  of  trees  bearing  young  fruit  with   copper  car- 

1  Southworth,  Journal  of  Mycology,  vr.,  p.  164. 
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bonate  or  potassium  sulphide  solutions  has  good  effects  on  the 
yield  of  the  orchards.  In  vineyards  under  treatment  for  black- 
rot  or  mildew,  there  is  little  chance  of  the  ripe-rot  fungus 
appearing. 

It  is  probable  that  the  species  known  as  Gl.  phomoidea 
Sacc  on  tomato,  Gl.  piperaium  E.  et  E.  on  peppers  {Capsicum 
annuum),  and  Gl.  melangeae  E.  et  Hals,  on  the  egg-plant,  are 
identical  with  Gl.  fructigeaum.  At  least  they  very  much 
resemble  each  other,  even  on  their  widely  differing  substrata, 
and   cross-infections  have  been  carried  out. 

GL  venetnm  Speg.  (Gl.  neeator  Ell.  et  Ev.)  Anthracnose  of 
raspberry  and  blackberry.1  This  disease  appears  on  both  canes 
and  leaves.  On  the  young  shoots  it  produces  small  reddish- 
purple  spots  during  early  summer;  as  the  season  advances  the 
spots  run  together  into  irregular  blotches  of  more  or  less 
greyish  colour  with  a  dark  purple  margin.  The  ripening  fruit 
remains  small  and  shrivels  up.  Leaves  may  also  bear  spots, 
but  they  more  frequently  remain  smaller  and  have  an  unhealthy 
look.  The  conidia  are  at  first  enveloped  in  a  thin  covering, 
which  becomes  gelatinous  when  wet,  so  that  they  escape.  The 
mycelium  is  believed  to  perennate  in  stems  or  decayed  remains, 
and  so  to  carry  the  parasite  from  season  to  season.  Owing 
to  the  delicate  nature  of  raspberry  foliage,  fungicides  must  be 
used  with  great  care.  Dilute  Bordeaux  mixture  is  said  to  be 
safe  and  beneficial.  The  burning  of  diseased  canes  should 
certainly  be  carried  out  each  autumn. 

GL  ribia  (Lib.).  This  attacks  currant  bushes  throughout 
Europe  and  America  in  much  the  same  way  as  Gl.  venetum. 
The  leaves  wither  and  fall,  so  that  the  fruit-crop  suffers. 
(Britain.) 

GL  amygdalintun  BrizL*  This  has  recently  been  described 
as  destructive  to  almond  cultivation  in  Italy.  The  mycelium 
inhabits  twigs  and  fruits,  and  gives  off  tufts  of  conidiophores 
bearing  conidia ;  as  a  result,  wounds  are  produced  in  the 
epidermis  and  stunting  of  the  host-tissues  takes  place. 

GL  rosao  Hals,  is  described  as  injurious  to  rose-culture  in 
America.  It  may  be  identical  with  some  of  the  species  of 
Gloeosporium  already  mentioned  as  frequenting  Rosaceae. 

1  U.S.  America  Dept.  of  Agriculture,  Rtport  for  1889,  contains  a  good  account. 
■Brizi,  Ztittch.  f.   Pflaiteinlcrankhtittn,  1898,  p.  65, 
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OL  ampelophagum  (Pass.)1  Black-rot  of  the  vine.  This 
disease  is  very  injurious  and  has  a  wide  distribution  in  Europe. 
It  is  known  under  many  names  such  as  "  Pock,  Brand,  Rost, 
Jau3ch,  Brussone,  and  Nebbia  nera,"  though  probably  these 
names  include  several  distinct  diseases.  The  identity  of  this 
Gloeosporium  is  somewhat  uncertain,  and  it  may  really  be 
identical  with  Pkoma  ampelinum  (p.  467).  Rathay  ascribes  the 
black  rot  to  Spkacdoma  (Pk&ma)  ampelinum,  while  Thiimen 
regards  GloeospvriKm  as  the  cause.  Briosi  and  Cavara  consider 
the  two  species  of  fungi  as  distinct  Thiimen  says  that  the 
patches  of  Gloeosporium  are  for  a  considerable  time  disc-like 
and  of  a  light-grey  rose  colour ;  those  of  Pkoma,  on  the  other 
hand,  are  always  depressed  and  brown.  Rathay,  however,  de- 
scribes the  spots  of  Phoma  as  at  first  dark  brown,  and  later 
ashy  grey  with  a  brown  margin. 

The  spots  appear  on  green  parts  of  the  vines  during  April 
and  May.  Those  on  the  leaves  frequently  fall  out,  leaving 
holes.  On  the  grapes  the  spots  are  smaller  and  produce  a 
brown  coloration  extending  deep  into  the  fruit.  The  conidia 
are  small,  hyaline,  oval,  and  unicellular;  they  are  abjointed 
from  very  short  conidiophores  arranged  in  little  clusters.  The 
conidial  patches  rupture  the  host-epidermis,  and  the  conidia  are 
liberated. 

Thiimen  suggests  that  the  soil  of  vineyards  should  be  kept 
well  cleaned,  and  that  the  stake  mode  of  culture  be  used  in  pre- 
ference to  an  overhead  trellis ;  he  also  recommeuds  the  washing 
of  all  parts  of  suspected  vines  during  winter  with  10  to  15 
per  cent,  solution  of  sulphate  of  iron.  This  treatment  is  said 
to  have  been  very  beneficial  in  keeping  many  vineyards  quite 
healthy  and  free  from  fungi. 

OL  nervisequium.2  This  parasite  occurs  on  species  of  Platanus 
in  Europe  and  America.  Brown  spots  appear  on  the  leaves, 
especially  on  the  veins ;  these  as  they  extend  cause  sudden 
withering  and  fall  of  the  leaves.  Pustules  containing  a  stroma 
develop  on  the  spots,  and  unicellular,  ovoid,  hyaline  conidia  are 
abjointed  from  club-shaped  conidiophores. 

'Thiimen,  Die.  Pocken  an  Wtin  u.  Ontt.  1885;  Die  Bekampfung  d.  PUzkrcmk- 
htilen,  1686;  De  Bary,  Annaltn  d.  Oevoloi/ie,  iv.;  Viala,  Lei  maladies  dt  la  Vigne.  ; 
Brioai  e  Cavara,  Fungki  panuit.,  m.;  E."  Bit  hay,  "  Dtr  Black-Rot,"  1891. 

'  U.S.  America  Department  of  Vtgctahle  Pathology,  Report  for  1888,  give*  * 
general  account  of  tbu  disease. 
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Several  fungi  of  very  near  relationship,  if  not  actually  identical, 
occur  on  Platanus}  All  cause  considerable  disfiguration  of  the 
foliage,  so  that  a  systematic  destruction  of  all  young  diseased 
branches  is  strongly  recommended. 

GL  cingnlatnm  Atka.s  This  is  the  cause  of  Anthracnose  on 
Privet  {IAgustTum  vtdgare)  in  the  United  States.  The  following 
is  Atkinson's  diagnosis:  "Affected  areas  light  brown,  either 
oblong  on  one  side  of  the  stem  or  completely  girding  it.  Acer- 
vuli  100  to  150  in  diameter,  rupturing  the  epidermis,  in  age 
black  from  the  dark  stroma  lying  in  the  base  or  extending 
irregularly  up  the  sides,  frequently  forming  a  pseudopycnidium. 
Basidia  numerous,  crowded,  simple,  hyaline,  or  when  very  old 
perhaps  faintly  fuliginous.  Spores  oblong,  or  elliptical,  straight 
or  little  curved,  usually  pointed  at  the  base.  From  pustules 
on  the  stem  they  measure  10-20  by  5-7;  in  artificial  cultures 
they  nre  frequently  much  larger,  but  when  crowded  in  the  media, 
or  when  the  nutrient  substances  are  nearly  exhausted,  they  may 
be  considerably  smaller.      On  stems  of  Ligitstrwm  vulgare. 

"  This  is  quite  distinct  from  Gtocosporium  ligiistrinum  Sacc." 

Many  species  of  Gloeosjxrrium  frequent  broad-leaved  trees 
and  cause   more  or  less  injury  to  the  foliage. 

Ql.  rhcdodendri  Br.  et  Cav.  attacks  the  leaves  of  outdoor 
cultivated  rhododendrons  in  autumn,  or  indoor  species  in 
winter.  Large  yellow  spots  marked  with  concentric  zones 
are  formed,  and  bear  the  pycnidia;  finally  the  leaves  dry  up 
and  fall  off. 

Gl.  violae  B.  et  Br.  attacks  violets  in  Britain  and  U.S. 
America. 

GL  vanillae  Cke.  et  Mass.  (Calospora  taniltae  Mas8ee.s) 
This  causes  a  dangerous  disease  on  Vanilla  planifolia  and  other 
Orchideae  in  Mauritius  and  other  parts  of  the  tropics.  Death 
is  brought  about  by  the  Gloeosporium  {Hainaea)  form  of  the 
fungus,  the  higher  reproductive  organB  only  appearing  when  the 
leaves  are  killed. 

Other  species  are  known,  but  their  economic  importance  is  not 
great. 

1  v.  Tavel,  Botan.  Zt.Hn.ng,  1886 ;  Leclere  dii  Sublon,  Jhrae  gen.  dr.  Bolaniqtie, 
1892. 

'Atkinson,  "A  New  Anthracnose  of  the  Privet,"  Cornell  Unit'.  Agrit.  Exptr. 
Station  Bulletin,  No.  49,  1892. 

■Mauee,  Kr.ic  Buttetm,  1893,  p.  111. 
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Hyxoaporinm. 

Conidia  ovoid,  hyaline,  and  abjointed  from  rod-shaped  basidia 
situated  in  cavities  of  the  cortical  tissues  of  arboreous  plants ; 
a  true  pycnidium  is  not  formed,  and  the  reproductive  mycelium  is 
only  covered  over  by  the  epidermal  layers  of  the  host. 

Myxosporium  devaatans  Rostr.1  is  said  to  attack  and  kill 
young  twigs  of  Betula  verrucosa.  The  conidial  patches  are 
developed  in  the  killed  rind,  and  give  off  unicellular  colourless 
conidia. 

H.  caineuni  Lib.  is  parasitic  on  twigs  of  beech. 

M.  laneola  Sacc.  et  Roum.  causes  death  of  oak-twigs. 

The  other  knowu  species  have  as  yet  been  observed  only  as  saprophytes. 


OoDetotrichum. 

Conidial  patches  surrounded  by  setae ;  characters  very  like 
Gloeotqtorium. 

Colletotrichum  Lmdemuthiantrm  (Sacc.  et  Magn.).*  This 
disease,  first  observed  by  Lindemuth  in  1875,  has  assumed 
great  importance  as  a  disease  of  the  kidney  bean  (Pkcwcohts 
vulgaris)  both  in  Europe  and  America.  Young  pods  are  most 
frequently  attacked,  but  neither  stems  nor  leaves  are  exempt. 
The  pods  show  brown  depressed  spots  with  a  distinct  margin. 
The  unicellular  and  oblong  conidia  are  given  off  from  short 
conidiophores  developed  on  the  spots.  Germination  takes  place 
at  once,  the"  germ-tube  forming  an  adhesion-disc  on  the  host- 
epidermis,  and  from  this  a  hypha  penetrates  into  the  tissues 
to  develop  into  a  brown  mycelium.  Frank  obtained  brown 
spots  and  mycelium  ou  younj,'  beans  twenty-four  hours  after 
infection. 

0.  Lagenarium  (Pass.)  (C.  oligochac.tum  Cav.).  This  parasite 
is  very  injurious  to  seedlings  of  water  melon  (Cvcumia  citrvllus), 
melon  (C.  Afclo),  and  the  gourd  (Cucurbita  Lagenaria).  Leaves 
and  fruits  may  be  attacked,  but  it  is  the  cotyledons  and  stems 
of  the  seedling  plants  which  most  frequently  fall  a  prey.     Spots 

'Rostrup,  Tidub-iflf.  Skovraenn,  1893. 

'Fur  the  relationship  of  this  with  the  following  species,  as  well  u  their 
synonomy,  see  HaUted  in  Bulletin  of  Torre}/  Bolamrai  Ctub,  1893,  p.  2*6. 
Description,  treatment,  and  bibliography  by  Beach,  "  Bean-spot  disease,"  Qenern 
A'.  Y.  Exper.  Station  Buthtin,  Nil  48. 
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appear  on  the  leaves,  and  depressions    on  the  stem,  sometimes 
extending  so  far  round   that   the  whole    shoot    dries    up.     The 
conidial  patches  are  very  much  the  same  on  the  different  hosts, 
and  consist  of  short  conidiophores  from 
which  oval,  unicellular,   hyaline  conidia 
are  abjointerl. 

0.  lycopersici  Chest,  is  the  cause  of 
a  spot-disease  on  the  fruit  of  tomato  in 
the  United  States. 

0.  apinaciae  Ell.  et.  Hals,  causes  a 
destructive  disease  on  cultivated  spinach. 

0.  malvarum  Br.  et  Casp.  (C.  althaeat  ■ftMiift'- 

Southw.1)  produces  a.  disease  of  cultivated  "ffiffij^HjMtj-' 

hollyhock.  It  is  most  injurious  to  the 
seedling  plants,  and  has  caused  great 
loss  in  America  and  Sweden.  The  fungus 
may  attack  any  organ,  and  produces  spots 
which  enlarge  so  rapidly  that  death  of  the 
hast  may  result. 

0.  gossypii  Southw.*  Anthracnose  of 
Cotton.  This  disease,  although  it  may 
be  found  on  stems  and  leaves,  is  most 
frequent  and  most  conspicuous  on  the 
fruits    or    "  bolls "    of   the    cotton-plant. 

The  first  signs  are  tiny  depressed  spots  »5wi!'»S™~Si'?Sdirf*'iudw 
of  a  reddish-brown  colour,  and  as  these  ££k  Enl"»ed  ***•  "n3 
enlarge  they  cause  blackening  of  neigh- 
bouring tissue.  When  the  spores  are  developed  the  spots 
become  dirty  grey,  or  perhaps  pinkish  if  the  spores  are  present 
in  large  numbers.  Fruit  attacked  in  this  way  does  not  mature 
well,  and  the  yield  of  cotton  is  greatly  prejudiced.  Atkinson 
found  the  cotyledons  easy  to  infect  with  the  disease.  The 
spores  are  oblong  and  tapering,  with  a  shallow  constriction  in 
the  middle ;  they  are  borne  either  on  short  colourless  basidia 
or  on  long,  olive-coloured,  septate  setae,  both  kinds  of  conidio- 
phore  being  produced  in  acervuli  or  patches. 

C.  adustum   E1L  is  the   cause  of  a   leaf-spot    on    orange  in  Florida. 

■Sonthworth,  "A  New  Hollyhock  Disease,"  Journal  of  Mycology,  VI.,  1890. 
1  South  worth,  Journal  of  Mycology,  VI.,  1890,  p.   100. 
Atkinson,  Alabama  Ayric.  Exper.  Station    Bulletin,  No.  41,   1892. 
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Faded  spots  appear   on   the   leaves,  becoming   later  greyish  brown  dotted 
over  with  minute  black  points,  the  conidial  patches.1 

C.  ampelinum  Gav.  causes  little  dry  spots  on  the  leaves  of  vine,  fre- 
quently in  such  numbers  that  the  whole  leaf  (tries  up, 

C  kentiae   Hals,  attacks   palm-seedlings  en 
that  their  leaves  do  not  unfold.         » 

C.  cjrcLuneneae  Hals,  occurs  on  Cyclamen. 


S  CO  L  ECO  -  A  L  L  ANT06POR  A  E. 

Cylindrosporinm. 
The     white     and     shining     conidial 
cushions    are    embedded    in    the    host- 
plants.       The    conidia    are    filamentous, 
frequently  Bomewhat  twisted. 

Cylindrosporium  Tubeufianum  Alles- 
cher.  This  attacks  the  living  green  fruit 
of  the  bird-cherry,  and  causes  the  forma- 
tion of  brown  spots  from  which  pustules 
break  out;  the  premature  dropping  of 
diseased  fruits  follows.  In  the  locality 
where  I  observed  this  disease,  numerous 
trees  were  attacked  and  most  of  the  fruit 
on  each  was  badly  diseased.  The  my- 
celium spreads  through  epicarp  and 
mesocarp,  but  does  not  penetrate  into 
the  endocarp,  so  that  the  development 
of  the  embryo  is  not  directly  interfered 
with.  The  conidia  originate  in  pycnidial 
cavities  without  any  special  peridium ; 
their  shape  is  given  in  the  annexed 
diagnosis.2     The  pycnidial  cavities  arise 

under  the  epidermis  which  is  afterwards  ruptured  and  with  the 

cells  underlying  it  becomes  brown  and  dead. 


1  This  note  is  taken  from  Underwood,  Journal  of  Afycolom/, 
mention  is  made  of  it  in  the  later  paper  by  Webber  and  Swindle  I 
Citrous  Fruits  in  Florida,"  U.S.A.  Dej        "  ' 

*  Allescher  gives  the  folio 
eonwxis,  tpicarpio  teclU,  dein 
mbcircularibit*,  mepe  caeapilo 
acerwltK,  mmulin,  iimatii,  e.r 
Horn*  mwltiguiivlalU,  hyidimx 
Padi,  onos  ntcaL 


ii.,  but  no 

Diseases  of 
lept.  af'Agricidtvre BvlUtin~8,  1896).    (Kdit.) 

wing  diagnosis  of  this  species  :  /'uittdia  primum 
applatuUin  Kxtiformibuxre,  epirarpio  mpto  rinetix, 
tin  vel  conftventibva,  luieo-bruTmeolU,  snbfurfuraceis ; 
untpentibw  ;  eoaidiia  filiformihue,  cwvat-i*  vtl  Jtac- 
40-60  =  2-3,11.    Hab.  in  fructibun  immaluris   Pmni 
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As  yet  the  disease  has  been  observed  in  quantity  only  in 
the  neighbourhood  of  Oberammergau  (Upper  Bavaria). 

0.  padi  Karat  Leaf-blight  of  cherry  and  plum.  This  dis- 
ease is  most  destructive  in  the  nursery,  causing  premature 
defoliation  of  young  trees ;  it  may  also  cause  severe  injury  to 
fruit-bearing  trees.  The  leaves  become  spotted  and  perforated 
by  holes  caused  by  the  falling  out  of  withered  spots.  Spraying 
with  dilute  Bordeaux  mixture  early  in  the  season  is  said  to 
have  good  effects.1 


Fin.  S00.-A  fruit  from  Fig.  *P9  (mliLrgni).  A  Two  puatuloa  Mill  turthor 
enlarv&d.  S,  I'uttulet  baton  ud  utsr  rupture  of  the  aptdorxDii.  C,  Isolated 
wohfla.     (»,  Tubaut  del.) 


C.  filipenduiae  Thiim.  occurs  on  leaves  of  Spiram  FMpendula. 

C.  Scoriae  Berk.     On  leaves  of  Rtinunculat  Ficttria.    (Britain.) 

C  viridis  E.  et  E.,  and  C.  minus  E.  et  E.  On  leaves  of  Fraxinm  viruiit 
in  the  United  States. 

C.  cercosporoides  E.  et  E.    On  living  leaves  of  tulip-tree. 

C.  sscchsrioum  E.  et  E.  On  living  leaves  of  Acer  taceharinum  in  the 
United  States. 

OryptOBporium. 

Conidial  cushions  shaped  like  pyenidia.  Conidia  rod-like  or 
spindle-shaped. 

Oryptosporium  leptostromiforme  Kiihn.9  This  fungus  forms 
rows  of  black  stromata  on  the  stems  of  lupines;  in  the  stromata 
are  formed  pycnidia-like  cavities  with  several  neck -like  openings, 
and  in  them  conidia  are  given  off  from  conidiophores.  The 
conidia  are  rods  with  rounded  ends  7~8p5^  long  and  about 
2^  broad ;  they  emerge  from  the  necks  of  the  cavities  as 
long    tendril-like    chains,    and    may    be    continuously  given   off 

1  Fail-child   [Journal   of  Mycology,    VII.,    p.    249)   gives   results  of   remedial 
treatment. 
»J.  Kuhn,  Btrkkle  d.  landtrirth.  Iwtt.,  Halle,  1880. 
Fischer,  "  Cryptotpormm  Ufioztromiformt."     Breslsu,  1893. 
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throughout  tlie  whole  summer.  Fischer  has  proved  experi- 
mentally that  the  conidia  germinate  easily  in  water,  that  the 
germ-tubes  penetrate  into  living  lupines,  and  produce  a  mycelium 
which  spreads  through  stems  and  leaves  to  develop  stromata  on 
all  the  organs  of  the  plant  The  formation  of  both  pycnidia  and 
conidia  goes  on  throughout  the  autumn  and  following  spring  on 
dead  plants,  the  funguB  being  capable  of  living  as  a  saprophyte 
and  of  hibernating.  The  disease  may  occur  with  great  severity. 
Fischer  describes  coses  where  more  than  the  half  of  the  plants  in 
a  field  were  attacked  and  died  before  flowering  or  soon  after. 
There  is  thus  a  loss  not  only  in  lupine  seed,  but  also  in  the  good 
effects  which  the  crop  has  as  a  "green  manure." 

Fischer  gives  the  following  measures  for  keeping  this  pest 
in  check :  "  Where  the  fungus  has  obtained  a  footing,  lupines 
should  not  be  planted  till  at  least  the  year  after  next,  and  then 
only  as  a  catch-crop  on  stubble ;  it  would  be  still  safer  to  keep 
lupines  off  the  land  till  the  third  or  fourth  year.  After  lupines 
as  a  catch-crop,  they  may  safely  be  sown  again  in  spring  as  a 
seed  crop,  after  the  lapse  of  a  clear  year.  No  lupines  should 
be  cultivated  near  diseased  fields.  Instead  of  ploughing-in  a 
catch-crop  of  lupines  directly,  it  should  be  dried  and  used  as 
litter  for  cattle,  because  the  excrement  has  been  found  to  kill 
the  fungus ;  the  lupines  after  lying  over  winter  in  the  manure- 
heap  could  then  be  used  as  manure  in  spring.  Similarly  when 
the  lupines  have  been  grown  for  seed,  they  should  be  closely 
mowed  down  so  that  little  stubble  is  left ;  the  straw  may  then 
be  used  for  litter." 

This  fungus  has  not  as  yet  been  observed  on  plants  other  than 
lupines. 

DlDTXOSKHUB. 

Didymosporium. 

Conidia  brown,  oval  or  spindle-shaped,  bicellnlar,  and  not 
produced  in  chains. 

Didymosporium  salicinum  VnilL  Vuillemin  reports  this  as 
very  destructive  to  the  Osier  cultivation  in  Bourgogne. 


Marsonia. 

Conidia 
The  species 


Marsonia. 
transparent,  two-celled,  and  not  produced  in  chains. 
i  live  on  leaves. 
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Harsonia  juglandia  (Lib.)  produces  on  leaves  of  Juglam  little 
greyish  yellow  spots  with  brown  margins ;  thereon  etromata  are 
formed,  which  rupture  the  epidermis  and  liberate  the  large  sickle- 
shaped  conidia.     (Britain.) 

M.  populi  (Lib.).    On  leaves  of  species  of  Popuhts  in  Europe  and  Britain. 

M.  potentillae  (Deem.).    On  species  of  Potentilla.     (Britain.) 

H.  campanulas  Bres.  et  All.    On  Campanula  latifolia. 

The  following  are  North  American  species  : 

M.  toxicodendri  (Ell.  et  Mart.).    On  Rhui  Toxicodendron. 

M.  quercus  Peck.     On  Qucrcus  ilicifolia. 


PH  R  AGMOSPORiB. 

Coryneum. 

The  conidial  patches  are  black  and  disc-like,  and  rupture  the 
host-epidermis.  The  conidia  are  oblong  or  spindle-shaped, 
yellowish,  and  pluriseptate ;  they  are  abjointed  from  short 
conidiophores. 

Coryneum  Beyerinkii  (hid.1  This  is  stated  by  Beyerink  to 
be  the  cause  of  a  "  gum-flux  "  of  cherry  and  allied  species  of 
_  Rosaceae.      It  is  the  conidial  form  of  Ascosfxyra  (see  p.   211). 

0.  camellias  Mass.2  occurs  on  living  Camellia  leaves  at  Kew. 
(Britain.) 

Festalozxia. 

Conidia  spindle-shaped,  with  two  or  more  brown  median  cells 
and  hyaline  terminal  cells,  the  one  at  the  free  end  carrying 
several  cilia te  processes. 

Pestalorzia  Hartigii  Tub.8  The  external  effects  of  this 
disease  have  been  long  known,  although  the  fungus  causing  it 
has  only  been  recently  detected.  It  attacks  young  plants  of 
various  trees  and  shrubs.  The  symptoms  are  yellow  discoloration 
of  the  foliage,  and  constriction  of  the  stem  just  above  the  level 
of  the  soil,  followed  by  death  of  the  whole  plant.  At  the 
constriction  of  the  stem  the  rind  gradually  dries  up,  whereas 
neighbouring  portions  continue  to  grow  in  thickness  till  finally 
the  bark  is  ruptured  (Fig.    302).     In  the  living  part  of  the 

'Oudemans,  It  edicvjia,   188.1. 
'Cooke,  Greviltta,  xx.,  p.  8,  1881. 

Tubeiif.  Btitrtige  zur  Kenntniw  d.   Bavmtrantheilen,  1888;  and  Fortilieh- 
ZeUsckrift,  1892. 
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Fio.    301 P'ltnloain  Hart.gii.      Young   Spruce  Via.  S03.— Palalottic  Ha-nigii.    Conidui  ud  coni 

■hawing  conitrtctlnn  luit  o»er  the  suifiue  of  the  dlophomon  part  o[(Domik    (After  i.  Tubeuf.) 

•oil.    (After  >.  Tubeuf.) 


digitized  by  GOOglC 


PESTALOZZIA.  493 

rind  of  young  plants  of  spruce  and  silver  fir,  I  succeeded  in 
finding  near  the  place  of  constriction,  a  delicate  mycelial  stroma 
enclosing  some  cavities  (pseudopycnidia).  Conidia  were  formed 
inside  these  cavities  and  emerged  to  the  exterior.  They  belong  to 
the  genus  Pestaiozsia,  and  have  two  brown  median  cells,  a  trans- 
parent stalk-cell  to  which  the  long  stalk  is  attached,  and  a 
transparent  terminal  cell  carrying  two  or  three  transparent  thread- 
like appendages  (Fig.  303).  Germination  results  in  the  emission 
of  a  strong  germ-tube  from  one  of  the  three  lower  cells.  If  at 
any   time   the  conidia  dry   up,   the  two  clear   transparent   cells 


Flo.    MM.— Pataitozia  f**rr< 

turksd  X  cunblum  ud  rind 

istb  b«n  killwl,  to  that  growth  in  thicknu*  no 

longer  Uk»  placa  ;   tho  hiuhc 
ue  gnduollj  dying,     (v.  Tul 

r  psrti,  howoTer,  hn«  oon tinned  to  thickon,  but 

out  ptaot.) 

collapse  and  the  appendages  easily  fall  off,  so  that  on  material 
of  this  kind  the  conidia  are  only  two-celled  and  brown.  The 
mycelium  after  cultivation  in  nutritive  gelatine  soon  produces 
conidia. 

This  fungus  was  found  by  Eostrup  on  beech,  producing  much 
the  same  effects  as  just  described.  On  this  host  it  has  been 
found  very  destructive  in  young  naturally  regenerated  forest, 
the  loss  in  Bavaria  and  Wurtemburg  within  very  recent  years 
having  been  estimated  at  30  per  cent.  It  also  occurs  on  ash, 
sycamore,  and  other  trees. 

P.  funerea  Desm.  (Britain  and  U.S.  America).     The  spores  of 
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this  fungus  were  found  by  Boehm1  on  diseased  cypress  trees,  and 
although  investigations  are  not  yet  complete,  it  is  believed  that 
this  Pestalozzia  ia  the  cause  of  a  well-known  disease  on  cypress. 
The  symptoms  on  Chamaecyparis  Menziesii  are  local  constriction 
of  stems  and  branches,  and  death  of  portions  beyond.  The  rind 
and  cambium  of  constricted  places  are  killed,  the  hark  becomes 
split,  and  the  wood  dries  up.  P.  funerea  is  a  well-known  sapro- 
phyte on  twigs  and  needles  of  Cupressus,  Juniperus,  and  other 
Conifers;  its  occurrence  as  a  parasite  has  been  suggested  several 
times. 

P.  gongrogena  Teiunie2  is  said  to  cause  the  canker  of  willow. 
In  diseased  willows  Tern  me  found  an  intercellular  and  an 
intracellular  mycelium  with  pycnidia  and  conidia  of  Pestalozzia, 
but  other  pycnidia  of  unknown  affinity  were  also  present. 

P.  insidiens  Zab.  On  bark  of  Ulmvs  amcricana.  (U.S. 
America.) 

P.  phoenicis  Grev.  causes  a  disease  on  indoor  cultivated  palms. 

The  following  are  some  of  the  more  important  forms  frequenting 
living  leaves : 

P.  Gueplni  Desin.8  (U.S.  America).  The  conidia  of  this  species 
are  found  on  large  spots  with  dark  margins  on  living  leaves  of 
Camellia  japonica,  Magnolia,  Citrus,  Rhododendron,  and  other 
plants.  Spore-patches  appear  on  the  epidermis,  and  give  off 
conidia  embedded  in  a  mucilaginous  slime.  The  conidia  have 
three  dark  median  and  two  hyaline  terminal  cells,  the  distal  one 
bearing  the  characteristic  appendages.  The  leaves  are  permeated 
with  mycelium  and  fall  prematurely. 

P.  inquinana  C  et  Hark.     On  Eucalyptus  in  California. 

P.  stictica  B.  et  C.     On  Platanu*  occidenlali*  and  Tilia  in  United  States. 

P.  concentric*  B.  et  Br.  On  leaves  of  Crataegus,  Pj/txu,  Cailanea,  and 
Querent  in  North  America. 

P.  suffocate  E.  et  £.,  and  P.  ducotioides  E.  et  E.  On  cultivated  and 
wild  roee  shrubs  in  America, 

PeBtalozzina. 
Conidia    similar    to    those    of   Pestalozzia,    but    all    the    cells 

hyaline. 

1  Zeitschrift  f.  Font.  «.  Jagd-uaat,  1894,  p.  63. 

"Thiel's  landwirth.  Jahrbuch,  1887;  and  Btr.  d.  deuttch.  baton.  Gee.,  1890. 
*  Amuxl.  tUs  Science  natvr.,  Sir.  ii.,  Vol.  mil,  1840;   Brioai  et  C&vara,  Fvnghi 
parasit.,  vi. 
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Pestalorana  Boraueriana  Sacc.1  occurs  on  foxtail  grass 
(Alvpecurus  pratensis).  The  conidial  tufts  develop  on  spots  which 
appear  on  the  gradually  withering  leaves.  The  bristle-appendages 
on  the  terminal  cell  of  the  conidia  are  lateral,  only  one  being 
terminal.    This  disease  was  first  observed  by  Weinzierl  at  Vienna, 


and  has  not  as  yet  been   found  out  of  that  neighbourhood ;  it 
attacks  the  pure-culture  seed-beds  only. 

Septogloenm. 
Like  Gloeosporium,  except  that  it  has  pericellular  conidia 
Septogloenm    Hartigianum    Sacc.2     Twigs  of  the    common 
maple  {Acer  campeetre)  are  subject  to  a  disease,  which  exhibits 

'Sorauer,  Zdttehri/t  /.  Pjtanunbrankhtiten,  1884,  p.  213. 
"R.  Hartig,  Forstlich-jialuneiig.  ZeUtehrift,  1892,  p.  289. 
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itself  in  the  drying-up  of  young  twigs  before  their  buds  open 
in  spring.  -The  older  branches,  however,  assume  their  normal 
foliage.  Examination  of  diseased  twigs  reveala  the  mycelium 
of  a  parasitic  fungus  living  both  inside  and  between  the 
cells  of  rind  and  wood.  Con i dial  patches  break  through 
the  host's  epidermis  about  May  as  long  greyish-green  lines. 
The  conidia  are  hyaline,  three-celled,  and  cylindrical  with 
rounded  ends ;  the  conidiophores  are  short  thick  rods.  In  May 
and  June  the  spores  are  capable  of  infecting  new  hosts,  and 
germinate  in  a  few  hours.  Infection  of  twigs  takes  place  in 
summer,  and  the  mycelium  spreads  through  the  first-year 
shoots,  without,  however,  giving  any  external  indication  of  its 
presence  till  the  following  spring,  when  the  twigs  dry  up  as 
already  described. 

S.  ulmi  (Fr.)  may  be  a  form  of  Pkyllachora  ulmi.  The 
mycelium  lives  in  parenchymatous  cells,  and  causes  the  formation 
of  brownish-yellow  spots  on  leaves  of  the  elm.  The  conidial 
patches  form  tiny  points  on  the  lower  surface  of  the  leaf;  they 
consist  of  pycnidia-like  structures  without  a  peridium,  arising 
from  a  stroma  developed  under  the  epidermis.  The  conidia  are 
spindle-shaped  and  pericellular. 

S.  mori  (Le'v.)  is  stated  by  Briosi  and  Cavara  to  produce  yellow 
spots  with  brown  margins  on  the  leaves  of  Moms  alia  and  M.  nigra. 
Death  and  premature  defoliation  of  the  host  then  take  place. 
The  conidial  patches  develop  under  the  epidermis,  and  rupture 
it  as  the  conidiophores  emerge ;  they  have  no  real  peridium, 
hence  the  fungus  cannot  belong  to  the  group  Phleospora,  as 
Saccardo  supposed.  The  conidia  are  long,  cylindrical  or  fila- 
mentous, and  pericellular. 

Amongst  the  more  important  North  American  species  are : 

S.  profusum  (E.  et  K).  On  living  leaves  of  Corylus 
americana. 

S.  fraxini  Hark.     On  Fraxinm  Oregana. 

8.  apooyni  Peck.     On  Apocynum  cawiabinum. 


III.  HYPHOMYCETE3. 

Conidia  produced  neither  in  pycnidia  as  in  Sphaeropsideae, 
nor  from  a  special  stroma  as  in  Melanconideae,  but  free  on 
conidiophores  given  off  from  the  mycelium. 
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The  group  ia  subdivided  into  the  families  of  the  Mucedineae, 
Dematieae,  StUbeae,  and   Tvbervularitae.1 

I.  FAM.  MUCEDINEAE. 
1.  Sbct.  Akeeosforax. 

1.  SubtecL   Micronemeae. 

Oospcra 

Conidia,  transparent  or  only  slightly  coloured,  globose  or 
ovoid,  non-septate,  and  produced  in  regular  chains  from  simple 
short  conidiophores ;  they  thus  resemble  the  genua  Torula  in  the 
Dematieae. 

Oospora  scabies  Thaxt*  is  said  to  cause  the  well-known 
scab  or  scurf  on  beet  and  potato.  This  consists  in  portions  of 
the  surface  of  the  subterranean  tubers  swelling  out  as  rough 
brown  excrescences.  Other  authors  ascribe  this  disease  to 
bacteria. 

Microstroma. 

Conidia  unicellular,  transparent,  oval,  and  shortly  stalked. 

Microstroma  album  (Desm.).  This,  although  common  on 
living  leaves  of  several  species  of  Quercus,  is  not  a  serious 
disease.  The  conidial  patches  on  the  under  side  of  the  leaves 
are  white  and  very  thin.     (Britain.) 

M.  juglandis  (Bdreng.)  frequents  the  leaves  of  Juglans  rtgia 
and  J.  cinerea  in  Europe  and  North  America. 

Monilia. 

Conidia  oval  or  spindle-shaped,  and  produced  in  chains  from 
branched  conidiophores. 

Monilia  fractigena  Fers.  (Britain  and  U.S.  America.)  This 
is  the  cause  of  certain  widespread  diseases — the  brown-rot  of 
cherry  and  plum,  the  peach-rot,  and  a  rot  on  apples  and  pears. 
It  has  been  the  subject  of  many  papers  since  Thtimen  first 
described  it  in  1879.3     All  parts  of  the  host  are  attacked,  and 

■This  in  the  arrangement  followed  by  Massee,  " British  Fvttgvs Flora,"  Vol. 

III.;  there  the  characters  of  the  various  sub-divisions  may  be  obtained.    (Edit.) 
'Tbalrter,  Connecticut  Agrie.  Exper.  Station,  Report,  189a 
'Amongst  the  more  important  descriptions  are:   Thtimen,  Fanyi  Pomicoia, 

1879 ;  Smith  (Worth.  G.>,  Gardener1*  Chronicle,  1885,  p.  52  ;  Arthur,  Nan  York 

Agric.  Exper.  Station,  iv.,  1S8G. 

Si 
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exhibit  reddish  or  yellow  spots ;  therein  the  mycelium  spreads 
rapidly  and  gives  off  tufts  of  conidiophores  which  rupture  the 
epidermis.  The  conidiophores  are  septate,  branched,  and  give 
off  chains  of  unicellular  oval  conidia.  Meanwhile  the  affected 
fruit  becomes  rotten  and  gradually  shrivels  up,  it  remains, 
however,  hanging  on  the  tree  throughout  the  winter.     During 


Piq.  *».— Uimilia  fnaUgtM.  A,  Apple  •howiua  the  pi  CQnidlal  patch™  u 
more  or  kis  concentric  line*.  B,  Young  Pencil,  (hiiielled  up  In  consequence  ui 
attack.    (v.  Tubeuf  del.) 

next  spring,  when  the  fruit  is  again  moist,  further  conidia  are 
given  off.  Infection  takes  place  by  wounds  or  even  through 
the  epidermis  of  young  leaves  and  blossoms.     The  conidia  have 


been  found  to  retain  their  vitality  for  two  years.  Smith ' 
found  that  twigs  were  also  affected  by  the  disease,  so  that  a 
gummy  degeneration  took  place  in  the  soft  bast  and  cambium. 
As  remedial  measures,  the  gathering  of  all  diseased  fruit  left 
hanging  over  winter  is  strongly  recommended.  This,  as  well 
as  other  diseased  parts,  should  be  burned  as  soon  as  possible. 
'Smith  (Erwin),  Journal  of  Mycology,  vn.,  p.  36. 
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Washing  of  stems  with  a  solution  of  iron  sulphate  in  spring 
before  the  buds  unfold  is  suggested,  also  spraying  of  young 
foliage  with  dilute  Bordeaux  mixture. 

Oidittm 

Mycelium  epiphytic  on  living  plants.  Cornelia  unicellular 
and  barrel-shaped,  produced  in  chains  on  erect  conidiophores. 
Many  have  already  been  proved  to  be  conidial  forms  of 
Erysipheae. 

Oidium  eryaiphoidca  Fr.  frequents  living  leaves  of  hop, 
clover,  cucumber,  etc.,  and  iB  probably  the  conidia  of  species 
of  Erytiphe  on  these  hosts.     (Britain  and  U.S.  America.) 

0.  Tuckeri  Berk.  On  leaves  and  berries  of  the  vine  (see 
Uncinula,  p.    176). 

0.  leucogonium  Desm.  On  roses;  probably  the  conidial  form 
■of  Spliacrotkeca  pannosa  (see  p.   172). 

0.  farinosum  Cooke.  On  living  leaves  of  apple-trees. 
{Britain.) 

0.  chrysanthemi  Rabh.  On  leaves  of  cultivated  chrysan- 
themum.    (Britain.) 

0.  aceris  Rabach.  On  leaves  of  Acer  Psevdoplaianus.  It  is 
probably  the  conidial  stage  of  Uncinida  bicornis.      (Britain.) 

0.  inespilinum  Thiim.     On  leaves  of  medlar.     (Britain.) 

0.  destruens  Peck.  On  Amdanchier  canadensis  and  Prunvs 
xerotina  in  America. 

0.  tabaci  Thiim.     On  leaves  of  tobacco. 

0.  monilioides  Link,  probably  the  conidial  stage  of  Erysipke 
graviinis,  occurs  on  living  grasses  over  the  whole  world  (Bee  p.  1 75). 

2.  Sub-tect.  Macronemeae. 
Botrytia. 

Mycelium'  grey.  Conidia  more  or  less  spherical,  and  pro- 
duced in  aggregations  on  the  ends  of  branched  conidiophores. 
Many  of  the  species  are  saprophytes,  others  are  parasitic  on 
plants  or  insects,  and  others  form  sclerotia ;  the  latter  have 
already  been  considered  under  Scierotinia  (see  p.  267).  The 
following  are  known  to  be  parasitic  on  plants : 

Botrytis  cinerea  Pers.  This  enemy  of  many  plants  has  already 
been  noticed  as  Scierotinia  Fuckdiana ;  so  also  B.  Douglasii  Tubeuf. 
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B.  galanthina  Sacc.  occurs  on  the  bulbs  of  Galantkus  nivalin 
in  Britain. 

B.  parasitica  Cav.  produces  sclerotia  and  conidia  on  Tulipa 
Gesneriana  in  Italy  (Scterotium  tulipae), 

B.  vulgaris  Fr.1  This  is  a  very  common  species,  and  includes 
several  well-marked  varieties.  It  is  said  to  be  parasitic  on 
cultivated  lettuce  causing  a  "  leaf-rot." 

B.  fascicularis  Sacc.  is  reputed  to  be  the  cause  of  a  "fruit- 
mould"  on  the  egg-plant  (Solanum  Melongena)  in  the  United 
States. 

A  Botrytis  is  figured  by  Atkinson*  as  frequent  on  diseased 
carnation  -  plants. 

Ovolaria. 

Conidiopbores  simple  except  for  tooth-like  projections  near 
the  apex  on  which  the  conidia  are  developed.  Conidia  uni- 
cellular, colourless,  solitary,  rarely  in  chains. 

"  Closely  allied  to  Ramidaria,  but  distinguished  by  the  one- 
celled  conidia  "  (Mftssee). 

Ovnlaria  pulchella  (Ces.).  Briosi  and  Cavara  distinguish  this 
as  a  disease  of  Lolium  italicum  in  Italy.  The  leaves  become 
black-spotted  and  permeated  with  an  intercellular  mycelium, 
from  which  arise  the  erect,  branched,  septate  conidiophores.  The 
more  vigorous  conidial  patches  have  a  delicate  rose  colour. 

0.  necans  Fuss,  produces  large  spots  on  the  foliage  of  quince 
and  medlar,  so  that  the  leaves  gradually  wither  and  dry  up. 
Conidia  appear  as  a  white  powder  on  the  dead  remains.  This 
fungus  is  recorded  from  both   Italy  and  France. 

The  following  are  British  species  occurring  on  leaves;  several 
of  them,  however,  are  placed  by  Saccardo  under  Raimdaria : 

Ovulari*  lychiiicola  (Cke.)  Mass.     On  lychnis  diurna. 

O.  senecionia  (Sacc.).     On  Senecio  vulgaris. 

O-  lactea  (Deem.).    On  species  of   Viola. 

O.  unoruuK  (Fuck.).  On  cultivated  horse-radish.  It  is  reported  as 
somewhat  destructive  in  the  United  States. 

O.  interstitial  is  (B.  et  Br.).  On  under  surface  of  leaves  of  primrose, 
forming  yellow  spots  in  the  angles  of  the  veins. 

0.  ptimulana  Thiim.     On  leaves  of  Primula. 

O.  cochleariae  (Cke.).     On   Cocfilearia  officinalis. 

1  Wehmer  on  species  of  Botrytis,  Ztittchryft  f.  Pfianztnkrankkeittn,  1894. 
*  Atkinson,  "Carnation  Disease*,"  at  Amer.  Carnation  Society,  1893. 
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O.  alnlcola  (Oke.).     On  Ainu*  glulinota. 
O.  scelerata  (Cke.).     On  Ranunculus  sceleratus. 

O.  rosea  (Fuck.)  produces  irregular  brown  spots  on  the  leaves  of 
various  species  of  willow. 

O.  ajperifolii  (Sacc.).     On  Symphytum  officinalis. 

O.  veronicae  (Fuck.).     On  spots  on  leaves  of    Veronica  CKamaedri/s,  etc 

O.  lamii  (Fuck.).     On  Lamium. 

O.  syringae  (Berk.).     On  Syringa. 

O.  iphaeroidea  Sacc.  causes  spots  on  leaves  of  Lotus. 

O.  carneola  Sacc     On  spots  on  leaves  of  Scropkulariu  nodosa. 

O.  bistortae  (Fuck.).     On  spots  on  leaves  of  Polygonum  BisCorla. 

0.  obliqtw  (Cke.).     On  leaves  of  Rumex. 

t.    S«CT.    DlDYMQBFORAK. 

Didymaria. 

Conidia  two-celled,  colourless,  and  produced  singly  at  the 
extremity  of  simple  erect  conidiophores. 

Didymaria  prunicola  Cav.  Cavara  states  that  this  causes 
raised  roundish  spots  on  the  upper  surface  of  leaves  of  plum ; 
finally  the  leaves  gradually  dry  up  and  fall  off.  Slender  two- 
celled  conidiophores  are  produced,  and  give  off  each  a  two-celled 
obovoid  conidium. 

D.   Ungeri  Cord.     On  living  leaves  of  Ranunculus  repots.     (Britain.) 
D.  astragali  (Ell.  et  Hoi.).     Found  on  leaves  of  Astragalus  canadensis. 
D.  spiaaa  Hark.     On   leaves  of  Solidago  occidental  is ;   both   species   in 
North  America. 

Bostrichonema. 

Conidiophores  erect,  spirally  twisted,  unbranched,  and  non- 
septate.     Conidia  elliptic  or  oblong,  two-celled,  and  hyaline. 

Bostrichonema  alpestre  Ces.  On  living  leaves  of  Polygonum 
viviparum  and  P.  Bistorta.     (Britain.) 

B.  modestum  (B.  et  B.  White).  On  leaves  of  AlchcmUla 
alpina.     (Britain.) 

3.  Sect.  Pbraqmobforab. 

Ramularia. 

Conidiophores  emerging  in  tufts  from  the  ■  stomata ;  they  give 
off  a  terminal  conidium,  then  bend  over  and  produce  a  lateral 
conidium,  and  so  on  they  branch  in  a  sympodial  manner,  pro- 
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ducing  conidin  at  the  end  of  each  branch.  Conidia  septate 
oval  or  cylindrical,  and  light-coloured. 

"  The  parasitic  habit,  simple  or  sparingly  branched  liyphae, 
denticulate  and  bearing  the  septate  conidia  at  the  tips,  charac- 
terize the  genua,  which  differs  from  Owlaria  only  in  the 
septate  conidia"  (Massee). 

Eamularia  cinarae  Sacc.  is  said  by  Frillieux1  to  have  caused 
great  destruction  in  the  cultivation  of  artichokes.  The  leaves 
became  spotted  and  died,  so  that  no  flower-heads  were  produced. 

The  following  are  British  species : 

Ramularia   hellebori   Fuck.      On   leaves   of   ffelleborat  foetidtu  and    H. 

R.  epilobii  (Schn.).     On  leaves  of  Epiiobium. 

R.  ulmariae  Cooke.     On  leaves  of  Spiraea  Ulmaria.     (U.S.  America.) 

R.  geranii  Fuck.  On  under  surface  of  leaves  of  various  species  of 
Geranium. 

R.  lamp»anae  (Desm,).     On  Lamptana  and  fiypochoeri*. 

R.  pruinosa  Spt-g.     On  Seneeio  jacobea. 

R.  plantaginit  El.  et  Mart.    On  leaves  of  Piantago  major.    (U.S.  Am.) 

R.  variabilis  Fuck.    On  leaves  of  Digitalis  and  Verbatcum.    (U.S.  America.) 

R.  caleea  Ces.     On  leaves  of  Glechoma  hederacea. 

R.  urticae  Ces.     On  leaves  of  species  of   Urtica.     (U.S.  America.) 

R.  pntenais  Sacc.     On  Itumex  A<vtota. 

R.  mfibuia  (B.  et  Br.).     On  Myrica  Gale. 

Some  of  the  more  important  North   American  species  are : 

Pa rnnlria  rufomaculaua  Peck.  On  the  buckwheat  (Fagopyrum  esciden- 
tum),  it  has  proved  a  somewhat  injurious  fungus. 

R.  albomacullia  Peck.     On  leaves  of  Carya  americana. 

R.  viburai  E.  et  K     On  leaves  of   Viburnum  Lentago. 

R.  celtidia  E.  et  E.     On  leaves  Celli*  occidental™. 

1  Cooke.     On  leaves  of  various  species  of  Desmodium. 
i  Peek.     On  living  Ttutilago  farfara. 

R.  areola  Atks.2  This  causes  spots  on  the  foliage  of  cotton. 
"  Spots  amphigenous,  pale  at  first,  becoming  darker  in  age ; 
irregular  in  shape,  limited  by  the  veins  of  the  leaf,  conidia  iu 
profusion  giving  a  frosted  appearance  to  the  spots.  Conidio- 
phores  fasciculate,  in  small  clusters  distributed  over  the  spots. 
Conidia  oblong,  usually  abruptly  pointed  at  the  ends  "  (Atkinson). 

R.  Goeldiana  Sacc.  is  said  to  kill  leaves  and  twigs  of  Coffea 
arabica  in   Brazil. 

'"Malodie  d.  Artichauts,"  Bid/elin  de  la  we.  mvcolog.  tie  France,  1892. 
"Atkinson,   Botanical  Gazette,   XV.,   1890,  p.   166. 
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Pirieolaria. 


Coiiidia  grey,  pluricellular,  somewhat  pear-shaped,  and  pro- 
duced from  the  apex  of  simple  erect  conidiophores. 

Pirieolaria  oryzae  Br.  et  Cav.  This  species  is  described 
by  Briosi  and  Cavara  as  causing  a  disease  of  rice  in  Northern 
Italy.  The  plants  become  spotted  and  reddish-brown  in  summer, 
finally  withering.  The  conidiophores  arise  on  the  spots  on  the 
lower    surface   of    the    leaf,   and    bear    light-grey    three-celled 


conidia.      Diseased  plants  may  be  found    bearing  this  fungus 
only,  frequently  however  it  is  in  company  with  other  fungi. 

Oercoaporella. 

Conidia  hyaline,  similar  to  those  of  Cercospora,  and  produced 
from  simple  or  branched  hyaline  conidiophores, 

Cercosporella  persica  Sacc.  is  parasitic  on  living  leaves  of 
peach.  In  America  it  has  been  known  since  1890,  and  receives 
the  name  of  "frosty  mildew."  It  causes  yellow  spots  on  the 
lower  surface  of  the  leaf. 

0.  paatinacae  Karst.  occurs  on  living  leaves  of  cultivated 
parsnip. 
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Maatigoapormm. 

Conidia  hyaline  and  four-celled,  frequently  bristled. 

Mastigoaporium  album  Riess.  produces  oblong  dark  spots 
with  light  margins  on  leaves  of  living  grass.  The  conidia 
are  produced  on  the  margins  of  the  spots  (Fig.   308). 

Fnsoma. 

Similar  to  Fusarium,  but  the  mycelium  is  loose  and  not 
aggregated  into  a  tuft.     Conidia  spindle-shaped  and  septate. 


■'lo.  310.— Epldermia  of  a  Pine-a»dlfng 
th  n  stoma.  Somo  hyphaa  of  Pimma 
IB  produced  partial  dissolution  of  coQ- 
11a.    (Attar  II.  Hartig.) 


Fio.  M9.— Futtma  parotitic*.     Dia- 

B»»edPtoB-«edlliiM,with,a,rootkllled;  i'Jii.  Sll.-fmonw  panuiiimm.    Conl- 

o,  hypocutyl  killed;    r,  first  leave*  and  dia— Immature,  mature,  and  germlnat- 

plumulo  tilled.     (After  B.  Hertig.)  ln|[.     (After  R.  HiLrttg.) 

Fnsoma  paraaiticum  Tub.1  is  the  cause  of  a  disease  of  seed- 
lings, particularly  those  of  Conifers.  The  firBt  symptoms  are 
dark  patches  on  the  seedlings,  followed  by  their  collapse.     There- 

1  R.  Hartig,  Forsaich-itatartoivi.  Zeit*chr\ft,  18B3,  p.  432. 
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after  in  moist  weather  or  under  artificial  cultivation,  a 
light-grey  mycelium  appears  bearing  numerous  slightly  curved, 
tapering,  pluriseptate  conidia  (Fig.  311).  In  Bavaria  and 
Baden  this  parasite  has  caused  great  loss  in  the  seed-beds  of 
conifers. 

T.  inaeqnale  Hoyer.     On  living  leaves  of  Taraxacum  officinale. 

Septocylindrium. 

Conidia  cylindrical,  hyaline  or  pole-coloured,  with  two  or 
more  septa,  and  produced  in  chains. 

Septocylindriam  aromaticum  Sacc.  occurs  on  living  Acwus 
Calamus,  killing  leaves  and  even  plants.  The  mycelium  grows 
intercellularly  and  produces  spots.  The  conidiophores  emerge 
in  tufts  from  stomata  included  in  the  spots,  and  give  off  long 
thread-like,  pluriseptate,  hyaline  conidia. 


2.  FAM.  DEMATIEAE. 
1.  Sect.  Amerobpohak. 

1.  Subtect.  Micronemeae. 

Many  of  the  genera  of  this  subsection  contain  species  found 
on  the  living  leaves  of  plants,  but  none  of  them  are  yet  of 
economic  importance. 

2.  Subnet.  Mtwronemeae. 
Honnodendron. 

Mycelium  grey,  epiphytic,  and  creeping.  Conidiophores  erect, 
branched,  and  septate.  Conidia  spherical  or  ovoid,  unicellular, 
and  produced  in  chains. 

Hormodendron  hordei  Br.1  This  produces  a  characteristic 
spotting  of  the  haulms  and  leaves  of  barley,  accompanied  by  a 
stunting  of  the  whole  plant  and  poor  development  of  the  ears. 
This  is  not  a  true  parasite,  but  when  it  appears  in  quantity 
it  has  considerable  effect,  attacking  whole  fields  and  causing 
great  injury.  The  spots  and  conidia  are  found  also  on  wild 
Hbrdeum  murinum  on  the  margins  of  roads  and  fields. 

.   MerpkeL   nied.   Ort/aaitmen,  iv., 
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S.  Sect.  Didtmobporae, 

1.  Svbtect.  Micranemeae. 

Dicoccnm. 

Conidia  oblong,  two-celled,  and  arising  from  short  simple 
conidiophores.     Mycelium  subcuticular. 

Dicoccnm  (Marsonia)  roBae  (Bon.)  causes  brown  spots  on 
living  leaves  of  roses,  and  a  premature  leaf-cast  takes  place. 
Little  mycelial  atromata  develop  between  the  epidermal  cells 
and  their  cuticle,  and  give  off  two-celled  hyaline  conidia. 

D.  uniaeptatum  B.  et  Br.  forms  dark  patches  on  twigs  of 
Clematis  vttalba.     (Britain.) 

D.  lathyriuum  Ell.  et  Gall.  On  living  leaves  of  Lathyrus 
ockroleucus  in  America. 

Cycloconium. 

Mycelium  subcuticular.     Conidia  one-  to  three-celled. 

Cycloconium  oleagintxm  Cast.1  When  this  fungus  is  present, 
the  leaves  of  the  olive  show  roundish  light-brown  spots  with 
dark  margins,  then  becoming  discoloured,  they  roll  up  and  drop 
off.  The  mycelium  grows  in  the  walls  of  the  epidermal  cells, 
branching  dichotoinously ;  branches  of  the  hyphae  break  out 
through  the  cuticle  as  sac-like  cells,  which  become  the  conidio- 
phores. The  conidia  consist  of  one  to  three  cells.  Kruch 
states  that  Cercospora  cladosporioides  is  often  present  along  with 
this  disease  of  the  olive,  and  may  take  some  part  in  causing  it. 

Peglion  states  that  this  or  an  allied  species  occurs  on  leaves 
of  Querent  Ilex. 

2.  Svbtect.  Matnmemeae. 

Passalora. 

Conidia  oblong  or  spindle-shaped,  two-celled,  and  borne  on  the 
apex  of  greenish  pluriseptate  conidiophores,  arising  from  an 
olive-green  mycelium. 

Passalora  bacilligera  M.  et  Fr.  occurs  on  living  leaves  of 
Alnus  glutiiwsa,     (Britain.) 

P.  microaperma  Fuck.  This  frequently  covers  the  whole 
lower  surface  of  the  leaves  of  Alnvs  incana  with   little   tufts  of 
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brown    septate   conidiophores,   bearing  long,  two-celled,   obovate 
conidia. 

Fudelodiam. 

Mycelium  greenish  and  sparingly  septate.  Conidiophores  in 
tufts,  short,  erect,  and  bearing  terminal  conidia.  Conidia  ovoid 
or  clavate,  and  one  or  two-celled. 

The  species  are  conidial  forms  of  Venturia,  and  have  already 
been  considered.     Some  of  the  better-known  forms  are : 

Fuaicladium  dendriticum  Wallr.  (Britain  and  U.S.  America). 
This  attacks  the  leaves,  shoots,  and  fruits  of  the  apple  (Bee  p.  2 1 8). 


apple ;  tho«  Kill  In  the  earlier  eeaiiee  ha*e  a  radiate  margin  nud  bear  conidia. 
Ilie  enlarged  section  ahoiri  two  rove  of  largo  -ceded  parenchyma  of  the  apple, 
corared  by  a  ■troma  of  paoudopareochyma  bearing  conldiopho™  iind  conidia. 
(t.  Tubeuf  del.) 

F.  pirinum  (Lib.)  (U.S.  America).  This  is  a  cause  of 
"  spotting "  on  leaves  and  fruits  of  the  pear,  also  of  species  of 
Crataegus  and  Amclanchier.  The  conidial  patches  are  brownish 
in  colour.  Peglion  states  that  this  parasite  forms  sclerotia  in 
the  bark  of  twigs.  It  is  probably  a  conidial  form  of  Venturia 
diiricha  mr.  pyri. 

F.  cerasi  (liabh.)  attacks  the  cherry  orchards  with  such 
virulence  that  the  crop  may  be  rendered  quite  unsaleable. 

F.    eriobotryae   Cav.1     Cavara    states   that   this   attacks   the 


'Cavara,  Sivitta  di  Palologia   Vegetale,  1892. 
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leaves  of  Mapttvt  (Eriobotrya)  japonica  causing  them  to  become 
spotted  and  to  wither.  The  hyphae  live  in  the  epidermis, 
and  form  a  stroma  from  which  conidia  are  given   off. 

F.  tremulae  Frank.  Frank '  gives  this  as  the  cause  of  a 
disease  of  the  aspen  (Populus  tremula).  The  leaves  turn 
brown  and  fall,  the  shoots  in  consequence  soon  drying  up. 
Conidia  are  developed  on  the  surface  of  dead  leaves  and  ger- 
minate on  living  leaves  of  aspen,  producing  a  germ-tube  which, 
after  forming  an  adhesion-disc,  penetrates  into  the  cavity  of 
the  epidermal  cells.- 

P.  depreuum  B.  et  Br.  is  found  on  living  leaves  of  Angelica  tj/lveilrit- 
(Britain  and  U.S.  America.) 

F.  praecoz  Rabh.     On  living  leaves  of  Tragopogon  orientals*. 

P.  aorghj  Pass.     On  living  leaves  of  Sorghum  halepense. 

The  following  are  North  American  species : 

P.  caiyogenum  Ell.  et  Langl.     On  leaves  of  Carya  olivaeformi*. 

P.  effiuum  Witit.     On  leaves  of  Carpiniu  amaicana. 

P.  destruens  Peck.     On  living  Avena  saliva. 

P.  fascicnlatum  O.  et  E.    On  leaves  and  stems  of  Euphorbia. 

Scolecotrichum. 

Mycelium  greenish.  Conidia  oblong  or  oval,  produced  both 
terminally  and  laterally  on  the  conidiophores. 

Scolecotrichum  melophthorum  (Prill  et  Del.).2  This  pro- 
duces a  melon  disease  in  France  known  by  the  name  "Nuile." 
It  consists  in  the  fruits  and  stems  becoming  spotted,  the  tissue 
being  completely  destroyed. 

Sc.  graminiB  Fuck.  Occurs  on  grasses,  especially  on  the  oat 
l'ammel3  reports  it  as  also  injurious  on  barley  during  1891, 
in  some  parts  of  the  United  States ;  the  diseased  leaves  were 
marked  with  brown  or  purplish  brown  spots. 

Sc.  fraxini  Pass.  On  living  leaves,  of  Fraxinu*  excelsior 
and  F.  Ornus. 

Oladosporinm. 

Mycelium  greenish.  Conidia  globose  or  ovoid,  one  to  four- 
celled,  and  of  variable  form.  The  species  are  mostly  sapro- 
phytes on  substrata  of  all  kinds. 

<Ber.  d.  iUitiw.li.   bat  an.  Oettll,  1883,  p.   29. 
-Bulletin  de  la  tor.  myeolog.  dt  France,    1891. 
■'Journal  of  Mycology,  vji.,  p.  96. 
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Oladosporiom  herbarum  (Pere.).  This  species  is  found  every- 
where on  dead  plant  remains,  but  it  is  also  common  on  living 
leaves  of  many  plants.  The  first  suggestion  that  this  form 
might  occur  as  a  parasite  came  from  Haberlandt 1  and  Frank. 2 
It  possesses  a  dirty-grey,  thick,  septate  mycelium,  which  may 
be  colourless  when  young  or  growing  iuside  a  substratum ;  it 
applies  itself  closely  to  the  surface  of  plants  and  even  pene- 
trates through  the  stomata  or  cell-walls  into  the  tissues.  The 
conidiophores  are  erect,  otherwise  variable  in  form ;  they  give 
off  conidia  from  the  apex  or  from  lateral  processes.  The 
conidia  are  oval  and  contain  a  variable  number  of  cells.  Organs 
of  plants  attacked  show  grey  spots,  and  withered  parts  if  they 
are  still  alive. 

The  following  are  some  of  the  papers  describing  Cladosporium 
herbarum  as,  in  certain  circumstances,  a  parasite.  Prillieux  and 
Delacroix,8  on  apple-trees  and  raspberry-bushes ;  Cavara,*  on 
raspberry,  cycads,  agave,  and  other  plants;  Sorauer,4  on  peas. 
Lopriore fl  describes  this  fungns  as  the  cause  of  a  "  black " 
disease  on  ears  of  wheat ;  the  results  of  infection  were  however 
somewhat  variable. 

Ritzema  Boa  reports  it  as  producing  disease,  and  in  some 
cases  death,  in  fields  of  oats.  Kosmahl  and  Nobbe*  found 
that  seedlings  of  Pinus  rigida  blackened  and  died  suddenly  in 
the  beginning  of  May,  apparently  from  the  attacks  of  this 
fungus.  Janczewski 7  states  that  this  Cladosporium  is  a  conidial 
form  of  Spkaerella  Tulasnei,  a  new  species  of  Ascomycete 
established  by  him.8 

01  elegans  Penz.  This  causes  on  the  orange  a  disease  or 
"scab,"  which  has  been  injurious  both  in  Southern  Europe  and 
the  Southern  States  of  America.9     It  attacks  chiefly  wild  orange 

1  Frilhling't  landwirtn.   Ztitung,    1878.' 

*Die  Kranihrittn  dir  PJtaawn,  2nd  Edit.,   1896,  II.,  p.  292. 

'  Bulletin  de  la  toe.   mycolog.  dt  France,   VIL 

'  Ilei-ue  mycologiout,  1891. 

'Handbach  d.   Pfian-jnkrankheiten,  1886. 

•  Btriehtt  d.  druttch.  baton.   Genii,  1892 ;   Landwirth.  Jahrbuch,  1894. 

7  Extraita  da  Bulletin  dt  V  Academic  da  art.  dt  Groeovie,   1892,  1893,  1894. 

"SchMUkowitaeh  {Flora,  1895  (ergibd.)  distinguishes  Cladotporium  from  other 

•Scribner,  Bulletin  of  Torres  Club,  XIII.,  1886,  p.  181.  Underwood,  Journal  of 
Mycology,  vil,  p.  34.  Swingle  and  Webber,  "Diaeaaee  of  Citron*  Fruit*," 
U.S.A.  Deft,  of  Agriculture  Bulletin  8,  1896. 
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trees,  more  rarely  the  sweet  orange  and  lemon.  The  disease 
first  appears  as  whitish  or  cream-coloured  spots  on  leaves,  young 
twigs,  or  fruit  If  the  spots  are  numerous  the  leaves  become 
badly  curled  or  twisted,  and  covered  with  wart-like  eruptions. 

01.  viticolum  Ces.  is  regarded  as  a  dangerous  parasite  of  the 
vine. 

OL  carpophilum  Thuni.  This  species  has  been  found  para- 
sitic on  plum  and  peach  in  the  United  States.  Its  mycelium 
creeps  over  the  surface  of  leaves  and  fruit,  causing  pale-coloured 
spots  which  extend  and  run  together,  spoiling  the  appearance 
of  the  fruit.  The  disease  as  yet  does  not  appear  to  have  a  very 
wide  distribution,  nor  is  it  directly  very  injurious,  but  as 
cracking  of  the  ripe  fruit  occurs  when  it  is  present,  the  way  is 
opened  for  entrance  of  fruit-destroying  fungi. 

01  condylonema  Pass,  also  occurs  on  leaves  of  the  plum. 
It  causes  leaf-spot  and  leaf-curl.  The  mature  conidia  have 
fine  spines  on  their  coat. 

OL  fulvum  Cooke.  (Britain  and  U.S.  America.)  This  is  the 
cause  of  a  disease  of  tomato.  It  attacks  leaves  and  shoots  of 
plants  cultivated  indoors,  and  soon  causes  their  death.  Prillieux 
and  Delacroix l  have  described  a  somewhat  similar  disease  in 
France,  found,  from  artificial  infection,  to  be  produced  by  some 
species  of  Cladasporium,  but  whether  this  particular  species, 
they  did  not  state. 

OL  cucumerinum  £11.  et  Arth'  causes  a  disease  of  cucumber 
Frank3  describes  a  disease  which  he  found  to  be  due  to  a 
dadosporixtm  {CI.  cueumeris  a.  sp.).  This  attacked  the  fruit  of 
both  cucumbers  and  melons  in  cultivation  under  glass  at  Berlin, 
and  caused  great  damage ;  brown  rotten  depressions  appeared 
on  the  fruits,  and  thereon  the  tufts  of  conidiophores. 

01.  macrocarpum  Preus.  causes  a  "  scab  "  disease  of  spinach  in 
the  United  States  (N.J.  Agric.  Exper.  Station.  Bulletin,  70, 1890). 

Other  species  that  may  be  parasitic  are : 

CI.  pisi  Cug.  et  Mace.     On  living  pods  of  Pimm  sativum  in  Italy. 

CI.  epiphyllum  Mart  On  leaves  of  (juercus,  Platanui,  Populas,  ffedera, 
etc    (Britain  and  U.S.  America.) 

CI.  juglandinum  Cooke.     On  leaves  of  the  walnut.     (Britain.) 

'Bulletin  de  la  hoc.  mycoloij.  de  Franc,  189]. 
'Description  in  Mass,  Agric.   Exper.  Station  Report,  1892. 
3 Zeitsckrifl  f.  PpinitnkranXhiiten,  hi.,  1893. 
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On  leaves  of  Batvla  populijbtia  in  America 
and  Italy. 

CI.  hypuphyllum  Fuck.     On  leaves  of   Ulmia  campettru. 

CL  tuberum  Cooke.     Iu  the  tubers  of  Batatas  edulii  in  Carolina,  U.S.A. 

3.  Sect.  Pbraohosporab. 
I.  Subtest.  Mcrojusmeae. 

ClaBteroaporium. 

(Jonidia  brownish,  cylindrical  or  spindle-shaped,  and  consisting 
of  three  or  four  cells. 

ClaBteroaporium  amygdalearum  (Pass.)  attacks  the  leaves  of 
almond,  peach,  apricot,  cherry,  and  plum.  An  intercellular 
mycelium  has  been  found,  and  roundish  dry  spots  with  reddish 
margins  are  formed.  Thereon  tufts  of  short  conidiophores  are 
developed,  bearing  cylindrical,  thick-walled,  pericellular  conidia. 

CL  glomeruloBum  Sacc.  {Sporidesmium  gltrni.  Sacc.,  1878,  and 
Pleospora  conglutinala  Goebel,  1879).  Goebel1  first  described 
this  species  as  a  parasite  on  Juniperus  communis.  A  colourless 
intercellular  mycelium  is  present,  and  in  consequence  the 
needles  turn  brown,  die,  and  fall  off 
prematurely.  On  the  upper  side  of 
the  needle  the  mycelium  emerges 
through  the  stomata,  and  forms 
dark-grey  coils  from  which  the 
grey,  ovoid,  pericellular  conidia  are 
given  off. 

Ceratophornm. 

Conidia  brownish,  spindle-shaped 
or  cylindrical,  three  or  more  celled, 
the  upper  cell  with  terminal 
bristles. 

0.  setosum  Kirch.  Dark  spots  occurring  on  the  leaves, 
petioles,  and  shoots  of  young  plants  of  Cytisus  Laburnum,  etc, 
were  found  to  enlarge  and  bring  about  death  and  defoliation. 
Kirchner  found  the  leaf-tissue  permeated  by  a  colourless  septate 
mycelium,  which  gives  off  conidia  on  both  sides  of  the  leaf. 
The  conidia  resembled  those  of  Pestalozzia,  but  their  cell-number 
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was  variable,  and  the  terminal  cells,  although  lighter  than  the 
median,  were  not  quite  hyaline.  The  terminal  cell  bore  several 
very  long  bristles. 

0.  ulmieolnm  E.  et  K.  On  living  leaves  of  UItkus  fvlva  iu 
America,. 

Helminthosporium. 

Conidia  brown,  cylindrical  or  spindle-shaped,  and  pericellular. 
Mycelium  well -developed  and  brownish. 

"Distinguished  from  Cladosporium  by  the  conidia  being  more 
than  one-septate  at  maturity  "  (Massee). 

Helminthosporium  gramineum  (Eabenh.)1  This  causes  a 
disease  on  barley,  both  in  Europe  and  the  United  States ;  as  yet, 
however,  it  is  not  very  common.  It  attacks  generally  the  lower 
leaves,  producing  long,  narrow,  dark-brown  spots  with  yellow 
margins.  The  leaves  so  attacked  gradually  wither,  but  do  not 
prejudice  the  yield  of  grain  seriously.  On  the  spots  are 
developed  the  black  septate  conidiophores,  each  with  a  large 
black  conidium  with  from  two  to  eight  cross-septa. 

H.  turcicum  Pass,  causes  long  spots  on  the  leaves  of  Zea  mais 
both  in  Italy  and  America.  The  spots  are  yellow  with  indistinct 
dark  margins,  and  from  them  arise  patches  of  grey  septate 
conidiophores.  The  conidia  resemble  thoBe  of  the  species  last 
described,  so  that  some  authorities  regard  the  two  forms  as  one. 
Briosi  and  Cavara  describe  the  mycelium  as  consisting  of 
branched  septate  hyphae,  the  cells  of  which  frequently  become 
irregularly  swollen.  The  young  Indian  corn  leaves  are  killed, 
and  the  crop  may,  in  consequence,  be  seriously  injured. 

H.  teres  Sacc.  This  is  a  form  of  H.  gramineum  which 
Briosi  and  Cavara  distinguish  as  occurring  on  oats.  Infection 
takes  place  at  the  apex  of  the  leaves,  and  the  mycelium  spreads 
through  the  parenchyma  causing  elongated  dry  spots,  bo  that 
the  leaf  ultimately  dries  up  and  dies.  The  conidiophores  are 
developed  singly,  not  in  tufts,  and  the  conidia  are  smaller  than 
those  of  H.  gramineum.  The  conidia  are  greenish,  thick-walled, 
pluricellular,  and  produced  terminally. 

H.  gracile  (Wallr.)  causes  long  marginate  spots  on  the  leaves 
of  Iris  germanica. 
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Gercoapora. 

Conidia  elongated  and  slender,  olive-green,  and  septate.  My- 
celium greenish. 

"  Distinguished  by  the  vermiform  septate  conidia  "  (Massee). 

Cercoapora  circomscissa  Sacc.1  This  is  a  parasite  which 
occurs  on  cultivated  almond,  peach,  and  nectarine,  as  well  as 
on  wild  Prunua  serotina  in  the  United  States.  The  leaves  are 
attacked  while  still  young,  and  exhibit  by  reflected  light  a 
yellowish  spot  with  a  dark  centre.  The  conidia  arise  on  the 
spots  as  dark-green  clusters,  thereafter  the  diseased  tissue  shrinks, 
becomes  detached,  and  falls  out,  leaving  "  shot-holes "  not 
unlike  those  produced  by  species  of  Phylloeticta.  Defoliation 
may  occur  in  severe  cases  of  attack.  As  a  result  of  the 
injury  to  the  foliage,  the  new  wood  does  not  mature  well, 
and  second  growth  may  take  place  during  the  same  season  ; 
shoots  of  this  kind  will  probably  dry  up  during  winter.  The 
fungus  may  also  directly  kill  the  tissue  of  twigs  as  far  as  the 
cambium.  The  fruit  is  never  attacked  directly,  but  may  be 
seriously  affected  through  the  injury  to  leaves  or  twigs. 

In  order  to  minimize  the  disease,  it  is  recommended  to  burn 
all  fallen  foliage,  and  to  turn  the  earth  thoroughly  below  infected 
trees.  Pierce  obtained  a  crown  of  very  healthy  foliage  on  almond 
trees  treated  with  (1)  ammoniacal  solution  of  copper  carbonate, 
and  (2)  modified  eau  celeste. 

0.  persicae  Sacc.     On  leaves  of  peach.     (U.S.  America.) 

0.  acerina  Hartig*  appears  on  brown  spots  on  the  cotyledons, 
young  leaves,  and  stalks  of  young  plants  of  Acer.  The  conidia 
are  grey,  pericellular,  and  slightly  curved  (Fig.  314).  The 
mycelium  inhabits  the  intercellular  spaces  of  the  parts  attacked, 
and  forms  resting  sclerotia  in  the  tissues  of  dead  leaves. 

0.  viticola  (Ces.).a  This  fungus  is  found  in  Europe  and  the 
United  States  on  Vitis  vinifera  and  V.  Labrusca.  It  causeB 
spots  on  the  leaves,  and  from  these  arise  close  columns  of 
septate  conidiophores  which  give  off  thick  pericellular  conidia. 

C.   beticola    Sacc.1  inflicts  considerable    injury   on   cultivated 

■Pierce,  Journal  of  Mycology,  vn.,  p.  66  and  p.  232. 

"R.  Hartig,   Uiiler&uchumjen  a«i  d.  for$tbotan.  Inttitut,  I.,  Munich. 
'Description    ami    treatment  in   Ntu>    Tort  Agrie.  Exptr.   Station  Report  for 
1890,  p.  324. 
*ThUmen,  Dit  BeMmpfung  d.  PUikrankheitm  vmerer  Kidlurgcvrdriue,  1886. 
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sugar  beet  and  beet-root.  It  ia  easily  recognized  by  the 
numerous  sharply  denned  spots  produced  on  the  leaves.  The 
conidia  are  very  long  and  pluriseptate.  In  the  United  States 
this  is  one  of  the  most  serious  of  beet  diseases.1  As  preventive 
treatment,  great  care  should  be  taken  to  destroy  all  infected 
material.     A  long  rotation  should  also  prove  a  good  remedy. 


i  liaif  TJi.rtinlly  bo.     4,  Sec 

tbroitgb  a 

dlwased  cotyled 

conidlophonia 

cf)  emerge  frum  Cbe  epld 

e» 

s,  and  be 

or'btberaattoD? 

initiating  conid 

ia.      (After  R.  Hartlg.) 

0.  apii  Fres.  Common  on  celery  (Apium  gravcolens)  and  par- 
snips (Pastinam  saliva)  throughout  all  Europe  and  North  America. 
It  canses  leaf-spots  at  first  yellowish  then  enlarging  and  turn- 
ing brown.  The  mycelium  grows  in  the  intercellular  spaces  of 
the  leaf,  and  gives  off  tufts  of  conidiophores  through  the 
stomata.  The  conidia  are  long,  tapering,  ohclavate  bodies  with 
an  attachment- scar  at  their  larger  end.3 

C.  asparagi  Saco.  occurs  on  asparagus  in  Italy ;  0.  caulicola 
Wint.  frequents  the  same  host  in  America. 

C.  Bloxami  B.  et  Br.     On  Bmssica  in  Britain. 

C.  annoraciae  Sacc.     On  horse-radish. 

"Pammel.  Jot™  Agric.  Exjxr.  Station  Bulletin,  15,  1891. 
'Description  in  Xete  Jtrsiy  Agric,  Exper.  Station  BnUttin  2,  1891. 
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C.  reaedae  Fuck.1  This  fungus  is  the  cause  of  a  garden 
mignonette  disease  very  common  in  America  and  Europe.  It 
causes  little  depressed  spots  with  brownish  or  yellowish  borders, 
which  begin  as  reddUh  discolorations  of  the  leaf.  The  leaves 
gradually  wither  and  dry  up,  so  that  the  flowers  Buffer.  The 
mycelium  grows  inside  the  leaves,  and  gives  off  tufts  of  conidio- 
phores  through  the  stomata.  The  conidia  are  elongated,  septate, 
and  spindle-like  or  club-shaped.  Spraying  with  Bordeaux 
mixture  was  found  to  give  good  results.  , 

0.  Cheirantbi  Sacc.  produces  roundish  leaf-spots  on  wall- 
flower, and,  if  severe,  causes  death  of  the  leaves  and  premature 
defoliation  of  the  plants. 

0.  rosaecola  Pass.  This  causes  leaf-spot  on  cultivated  and 
wild  roses  in  the  United  States.  The  first  indication  of  disease 
is  the  appearance  of  black  spots  with  reddish  margins.  The 
conidiophores  emerge  from  the  stomata  in  tufts,  and  carry  long 
obclavate  conidia 

C.  angnlata  Wint.  is  one  of  the  causes  of  leaf-spot  on 
currant,  and  occurs  often  in  company  with  Septoria.  Wits.  (U.S. 
America.) 

C.  riolae  Sacc.  occurs  on  leaves  of   Viola  odorata. 

C.  malvarmn  Sacc.     Ou  Bpeciea  of  Malva. 

C.  althaeica  Sacc.     On  hollyhock  in  the  United  States. 

C.  neriella  Sacc.  causes  leaf-spot  ou  Nerium  Oleander. 

C.  Bolleana  (Thtlra.)  produces  olive-brown  sputa  on  leaves  and  fruits 
of  the  Fig,  injuring  the  crop. 

C.  capparidii  Sacc.    On  Cappari*  tpinota  in  Italy. 

C.  gossypina  Cooke  is  given  by  Atkinson  as  a  fungus  frequently  present 
on  diseased  plants  of  cotton.' 

Saccardo  records  over  230  species  of  Cercotpora,  most  of  which  cause 
spotting  of  living  or  fading  leaves  of  many  plants,  e.g.  Phaseohu,  Lupinui, 
Trifoliiim,  Vicia,  Oledittchia,  Solarium  nigrum.  Datura,  Ricinus,  Ampelopsu, 
Liriodendron,  Tilia,  Rota,  Potentilla,  Rubui,  Cydonia,  Ptelea,  Rkamnttt, 
Euonymut,  Ailanthut,  Rhui,  Sambucut,  Viburnum,  Otea,  Syringa,  Morut, 
Fraxinwi,  Coffea,  IAgvMrum,  Mercuriali*,  etc. 

Heterosporium. 
Conidiophores    simple    or    branched.      Conidia    olive,    oblong, 
pluriueptate,  and  with  a  spiny  or  warty  outer  coat 

1  F«irchild  in  Report  of  Section  of  Vtgtlablt  Pathology  for  1889,  U.S.  Dept. 
of  Agriculture. 

'Botanical  (Jazfiit,  1891,  p.  61. 
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"Resembling  Helminthosporium  in  general  habit  and  structure, 
in  fact  only  distinguished  by  the  minutely  waited  conidia " 
(Maasee). 

Heteroaporium  echinulatum  (Berk.).1  (Britain  and  U.S. 
America.)  The  "  fairy  ring  spot "  of  Carnations.  This  is  a 
serious  enemy  of  cultivated  carnations,  and  causes  great  damage. 
It  was  first  described  by  Berkeley  in  1870  as  a  carnation  pest. 
The  symptoms  are  light-coloured  spots  on  which  are  concentric 
rings  of  dark-coloured  conidiophores.  These  arise  from  dark- 
coloured  portions  of  the  mycelium  inside  the  leaf  and  give  off 
conidia  with  three  or  more  cells.  The  conidia  are  at  first 
terminal,  but  after  one  has  been  formed  the  conidiopbore 
branches  laterally  and  produces  another  conidium,  repeating  this 
process  for  a  considerable  time.  The  spots  are  produced  on 
leaves,  leaf-stalks,  and  sepals,  causing  them  to  wither.  Iu 
consequence  the  flowers  do  not  unfold  and  the  plants  are 
rendered  unsightly. 

Cultivation  of  the  carnation  in  dry  airy  conditions  is  said 
to  keep  this  disease  in  check. 

The  following  are  British  species  occurring  generally  on 
fading  leaves: 

H.  variabile  Cooke.     On  spinach. 

H.  oraithogsii  Klotzsch.  On  Omithogalum,  ConvaUaria,  and  other 
species  of  Liliaceae. 

H.  tjrpbirum  0.  et  M.    On  Typha  angwtifolia. 

H.  lands  C.  et  M.    On  larch  needles. 

H.  asperatum  Massee."     Occurs  as  a  parasite  on  Smilacina  itdlata. 

Napicladium. 
Conidia  oblong,   three   or   more   celled,  and   produced   singly 
on  the  end  of  short  conidiophoreB. 

"  Somewhat  resembling  Sdminthosporium  and  Brachysporium, 
but  distinguished  by  the  less  rigid  fertile  hyphae  and  the 
large  solitary  conidia "  (Massee). 

Napicladium    (Hebninthosporiara)    arundinaceum    (Cord.). 
(Britain.)      This    lives    parasitic    on    the    leaves    of   PhragmitfS 
nis,  and  spreads  rapidly  from  plant  to  plant.     The  leaves 

•Worth.  0.  Smith,  Gardener'*  Chronicle,  xxvi..  1886,  p.  244. 

Atkinson,  "  Carnation  Disease*  "  at  American  Carnation  Society,  189.1 
■Masse*,  American  Journal  nf  Microscopy,  February,  1893. 
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become  coated  with  conidia  and  assume  a  leaden  grey  colour, 
so  that  in  many  cases  only  the  points  remain  green.  Finally 
the  attacked  leaves  die  and  dry  up. 

4.  Sect.  Dicttosporak. 

1.  Subiect.  Aficronemeae. 

■  The  forms  included  under  genera  of  this  group  (e.g.  Sporo- 
desmium  and  Coniotheciv/m)  have  as  yet  been  little  investigated 
in  regard  to  their  parasitic  nature. 

2.  Subiect.  Macronemeae. 

Macroaporium. 

Conidia  grey,  muriform,  and  borne  on  the  apex  of  simple  or 
branched  con idioph ores. 

Macrosporiom  sarcinaeforme  Cav.1  Cavara  describes  a 
browning  and  death  of  a  whole  field  of  red  clover  (Tri/oHum 
proteose),  and  ascribes  it  to  this  fungus.  Minute  spots  were 
produced,  at  first  light- coloured,  then  brown,  finally  coalescing 
so  as  to  cause  drying-up  of  the  whole  leaf.  The  short  thick 
conidiophores  were  developed  on  the  lower  surface  of  the  leaf, 
and  gave  off  pericellular  terminal  conidia. 

M.  solani  Ell.  et  Mart.  This  is  described1  as  occurring  along 
with  the  "  black-rot "  of  the  tomato  in  the  United  States.  It  is 
said  to  cause  a  rot  in  the  fruit  and  a  leaf-blight  on  both  tomato 
and  potato.  Along  with  this  species  there  also  occnr  a  Fitsarium 
(p.  520)  and  frequently  a  Cladosporium;  as  yet  the  relationships 
of  the  different  forms,  and  the  part  they  take  in  causing  the 
diseases  ascribed  to  them,  is  but  imperfectly  investigated. 

Sorauer8  ascribes  a  disease  on  the  potato  in  Germany  to  this 
species  or  to  an  Alternaria  (A.  solani).  He  also  believes  that 
it  is  the  cause  of  the  "  early  blight "  of  American  potato  crops, 
but  further  investigation  is  still  required. 

Many  other  species  of  Afacrosporium  have  been  described  on 
plants  of  economic  importance,  yet  most  of  them  occur  only  on 
parts  somewhat  faded  or  languid,  so  that  they  cannot  be  regarded 

1  Briosi  and  Cavara,  Funghi  paraeit.,  v. 

*  Report  of  the  Section  of  Vegetable  Pathology  for   1888,  U.R   Department  of 
Agriculture. 
1  Ztiteehrift  f.   Pflanzmkraukheiten,   1896,  p.   1. 
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as  important  parasites.  Amongst  these  are  the  following  British 
and  North  American  species : 

M.  brwicae  Berk.     On  cabbagr,  generally  Homewjiat  decayed. 

M.  sarciwua.  Berk.     On  cucumber. 

M.  nobile  Vize.     On  Dianthu*. 

H.  aJlioram  Cke.  et  Mass.     On  onion. 

H.  ramulosum     Sacc.     On  celery. 

M.  caialpae  Ell.  et  Matt.     On  Catalpa  Bignonioida. 

M.  ciRiicajitiuiti  Atks.  ia  a  semi -parasite  accompanying  other  disease 
of  the  cotton  plant. 

Mystroaporium. 

"Allied  to  Macrosporium,  but  distinguished  by  the  more  rigid 
and  darker-coloured  byphae  and  conidia"  (Massee). 

Mystrosporium  abrodens  Neumann.1  This  is  described  as 
the  cause  of  a  disease  which  destroyed  one-tenth  of  the  total 
wheat-crop  in  the  Haute- Garonne  of  France.  The  fungus 
attacked  the  nodes  and  leaves,  forming  dark  patches ;  the  nodes 
were  weakened  and  frequently  broke  over,  while  the  ears  were 
badly  developed. 

Alternaria. 

Conidia  grey,  muriform-septate,  flask-shaped,  and  borne  on 
short  simple  conidiophores. 

"Distinguished  by  the  clavate  or  flask-shaped  muriformly 
septate  olive  conidia  being  united  in  chains  and  connected 
by  narrow  isthmus-like  portions "  (Massee). 

Alternaria  braaaicae  (Berk.)  (Britain).  This  species  causes 
on  leaves  roundish  black  spots  marked  with  concentric  blown 
zones.  The  mycelium  lives  in  the  leaf-parenchyma  and  gives 
off  tufts  of  conidiophores  through  the  stomata.  Briosi  and 
Cavara  state  that  it  causes  considerable  damage  to  Brassim 
oleraeea,  Cochiearia  oJiciiuUis,  and  Armoracia.  (Probably  the 
same  specieB  as  Polydcsmus  txitiows  Kuhn.)  • 

Other  diseases  have  been  ascribed  to  species  of  Alternuria. 

Septosporium. 
Conidia  brown,  and  muriform-septata     Conidiophores  of  two 
kinds — -short  and  fertile,  or  elongated  and  sterile. 

Septosporium   heterospontm    Ell.    et    Gall,  causes    a    leaf- 

l"Un  nouvwra  parasite  de  ble."     SocitU  de  Bit/tog.  a  Tonimue,  18*2. 
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spot  on  Vitis  eali/ornica  in  California.  The  leaves  become 
quite  black  on  the  lower  surface,  brown  on  the  upper.  The 
fungus  has  not  as  yet  been  reported  on  cultivated  vines. 

Pumago. 
Conidia  grey  and  two-  or  three-celled. 
The  species  belong  to  Capnodium  (see  p.   181). 

3.   FAM.  STILBEAE. 

1.  See,  TTt  a  lost  i  i.  brae. 
Seel.  Ameroiporae. 

Stysanm 

Conidia  pale-coloured,  more  or  less  spherical,  and  developed 
on  a  dark  cylindrical  or  clavate  erect  stroma. 

Stysanus  veronicae  Pass.1  This  produces  irregular  spots  on 
the  leaves  of  cultivated  Veronica  longifolia  in  Italy,  and  causes 
the  plant  to  wither.  The  columnar  stromata  are  produced  on 
the  lower  surface  of  the  leaves,  and  give  off  unicellular  conidia. 

St.  nlmariae  M'W*     On  Spirea   Ulmaria  in  Ireland. 

Isaria. 

Stroma  erect,  clavate,  generally  branched  and  bearing  conidio- 
phores  all  over.  The  conidia  are  abjointed  from  the  apex  of 
the  conidiophores,  and  are  unicellular,  hyaline,  and  rounded. 

laaria  fttdformis  Berk.s  This  disease,  first  observed  in 
Australia,  is  described  by  Smith  as  occurring  in  England.  It 
attacks  grasses,  especially  Festuca,  during  summer.  The  stems 
and  ears  are  glued  together  by  the  fungus-stroma,  and  conidia 
are  developed  on  all  parts  of  the  plants. 

2.  See.  Fhaeobtilbeae. 

Sect.  PAragmoiporae. 

Isariopsis. 

Conidia  pale-coloured,. cylindrical,  and  pericellular. 

Isariopsis  griseola  Sacc.4  produces  spots  on  leaves  of  living 
1  fftdwigia,   1877.  p.  123. 
'M'Weeney,  Irish  A'aluralul,  1895,  p.  273. 

'Worth.  G.  Smith,  Dutaim  qf  Field  and  Harden  Crap',  Londoii,  1884,  p.  55. 
•Brioai  and  Cavara,    Fmighi  parae.it. 
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cultivated  kidney  bean.  The  mycelium  lives  in  the  leaf-tissues 
and  forms  atromata  under  the  stomata,  from  which  the  conidio- 
phores  arise  in  tufts.  The  fungus  often  occurs  along  with 
Uromyces  phaseoli. 

Other  species  of  Isarwpsis  are  recorded  on  the  living  leaves 
of  various  host-plants,  e.g.   Cerastium  and  Sttllaria. 


4.  FAH.  TUBERCULARIEAE. 

Volutella, 

The  conidial  patch  or  sporodochium  is  disciform,  regular, 
and  fringed,  or  studded  over  with  elongated  spine-like  hyphae. 
Conidiophores  simple  or  branched,  and  bearing  elliptical  or 
oblong  conidia. 

The  majority  of  the  species  of  Volutella  frequent  only  dead 
plant  remains.  Atkinson,1  however,  describes  and  figures  a 
widespread  carnation-disease  in  North  America,  which  is  ascribed 
to  a  species  as  yet  unnamed.  Fresh  cuttiugs  are  most  commonly 
attacked,  and  exhibit  dirty  brown  depressed  areas,  which  soon 
ruin  the  cutting  for  purposes  of  cultivation. 

Fniaitum. 

Sporodochium  more  or  less  effused.  Conidia  spindle-shaped 
or  sickle-like,  pericellular  when  mature.  The  conidiophores 
are  branched,  and  give  off  the  conidia  from   their  apex. 

Fuflarium  heteroaporinm  Nees.  Frank2  found  a  field  of 
rye  near  Kiel  completely  destroyed,  and  the  ears  quite  over- 
grown by  this  fungus.  I  have  found  it  on  ears  of  Lolium 
perenv-e  and  Molinia  coervlea  in  Bavaria. 

Species  of  Fitmrium  have  been  frequently  described  as  causing 
injury  to  cereal  and  grass-crops,3  in  some  cases  to  a  serious 
extent. 

While  most  of  the  species  of  Fusarium  are  found  only  on 
dead  or  dying  plant-remains,  a  parasitic  mode  of  life  has  been 
ascribed  to  some. 

FuBarium  lycoperaici    Sacc.4      The  "  Sleeping    Disease "   of 

1  " Carnation  DUtafu"  in  Report  of  American  Carnation  Society,  1893. 

vjahrburh  d.  devtuch.  landwirth.   Gtwil.,   1892. 

1  Worth.  G.  Smith,  Dittaxe*  of  Crop,,   1884,  p.  208. 

RoBtrup  [Fu-arium  avenaeeum  on  Oat)  Lanrtbofkrifler ,  v.,  1893. 
•Maasee,  Qardentr'a  Chnmkl'.,  xvh.,  1895,  p.  707.     (Edit.) 
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tomatoes.  This  tomato  disease  bas  proved  very  destructive 
during  recent  years  in  Britain,  particularly  in  the  Isle  of 
Wight  and  the  Channel  Islands.  Plants  are  attacked  when 
quite  young,  but  the  disease  seldom  manifests  itself  outwardly 
till  the  plant  is  full  grown.  The  first  symptom  of  disease 
is  drooping  of  the  leaves,  with  or  without  discoloration.  At 
this  stage  the  roots  of  attacked  plants  will  be  found  to  have  a 
yellowish  brown  colour  in  the  wood  region.  The  mycelium 
of  this  fungus  will  be  found  in  the  vessels  and  other  elements 
of  the  root  They  are  believed  to  originate  from  re  sting- spores 
which  have  hibernated  in  the  soil  and  given  off  germ-tubes  by 
which  young  rootlets  were  infected.  The  mycelium  makes  its 
way  up  the  tomato  stem,  discolouring  the  vascular  bundles  as  it 
goes.  The  conidia  are  produced  on  all  diseased  organs  as  a 
whitish  bloom  on  the  epidermis.  The  earlier  conidia  (Diplo- 
cladium)  are  oval  and  one-  or  two-celled,  but  they  are  soon 
replaced  by  pale  orange  crescent -shaped  conidia  of  the  true 
Fiwarium  type.  The  resting-spores  are  produced  on  the  hyphae 
in  the  tissues  of  the  decaying  host-stem ;  after  hibernation,  they 
germinate  and  produce  hyphne  which  give  off  the  Diplocladium 
stage.  Massee  found  that  only  the  germ-tubes  from  resting- 
spores  were  able  to  infect  tomato  plants.  The  same  author 
does  not  consider  fungicides  of  much  avail  on  account  of  the 
disease  beginning  from  the  roots.  Careful  removal  and  destruc- 
tion of  all  infected  material,  and  a  liberal  application  of  lime 
to  the  soil  are  measures  recommended. 

Fus.  limonis  Briosi  (futuporium,  limonis  Briosi).  This  is 
given  by  Briosi  as  the  cause  of  "  mal-di-gomma "  of  orange 
and  lemon  trees  in  Italy  and  elsewhere ; 1  Webber  and  Swingle  * 
ascribe  the  disease  of  the  orange  and  lemon  in  Florida  known 
as  "  foot-rot "  to  the  same  fungus.  In  Florida  the  damage  done 
is  great  and  much  more  serious  than  that  caused  by  any  other 
disease  of  the  same  plants.  It  may  be  recognized  by  the 
exudation  of  gum  from  patches  near  the  base  of  the  tree.  The 
patches  enlarge  and  the  disease  spreads  round  the  trunk  and 
downwards  into  the  roots,  passing  inwards  from  bark  to  cambium 
and    wood,    killing    the    tissues    as    it    goes.     Other    symptoms 

'  Briosi,  "Mil  di  gomma,"  Mtmoria  dtUa  R.  Acad,  dei  Lineti,  Rome,  1876. 
1  Webber  ami  Swingle,  "Diseases  of  nitrous  fruits  in  Florida,"     U.S.  America 
Dipt,  of  Agrieulturr.  BvUttin,  No.  8,   1896.     (Edit) 
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are  sparse  foliage,  small  yellowish  leaves,  and  death  of  the 
smaller  branches  over  the  tree.  Sweet  seedling  orange  (Citrxx 
aurantium)  and  lemon  (0.  limimum)  are  most  subject  to  this 
malady,  the  grape-fruit  (C.  deeumana)  is  only  slightly  liable, 
and  the  sour  orange  (C.  bigaradia)  is  almost  wholly  exempt 
For  this  reason  sour  orange  stocks  should  be  used  on  lowlands 
and  flatwoods,  and  grape-fruit  stocks  on  the  higher  lands.  The 
most  effective  treatment  is  to  remove  the  soil  around  the  crown 
roots  by  using  a  jet  of  water.  Diseased  bark  should  also  be 
cut  away  and  the  wounds  painted  over  with  carbolic  acid  or 
sulphur  wash.  Good  drainage  to  promote  root  aeration  and 
the  avoidance  of  excessive  use  of  nitrogenous  manures  are  also 
recommended. 

Tub.  vaainfectum  Atks.1  A  species  found  by  Atkinson  to 
cause  a  cotton- disease  known  as  "frenching."  This  consists  in 
a  discoloration  of  the  leaf  from  the  margins  inwards,  at  first 
pale  or  yellow,  but  turning  to  brown.  A  mycelium  was  found 
in  the  tissues  of  the  stem,  causing  the  vascular  bundles  to 
assume  a  light  brown  colour.  The  host-plants  are  either  killed 
or  so  seriously  affected  that  the  crop  is  injured.  The  conidia 
formed  are  of  the  pleuriseptate  slightly  curved  Jfytsarium  type. 

Atkinson  ~  in  the  course  of  his  investigations  on  carnation 
diseases  found  a  Fasarium  present  in  all  cases  of  the  "  carnation 
rosette."  The  stemB  remain  short  and  stunted  with  their  leaves 
small  and  crowded  together.  A  mycelium  was  present  in  the 
tissues  of  the  stem  and  caused  discoloured  spots. 


II.  THE  PATHOGENIC  SLIME-FUNGI. 

MYXOMYCETES. 

The  Myxornycetes s  rank  amongst  the  lowest  of  plant-forms. 

They   show    so    close    relationship   to   the   lowest    animals   that 

certain    groups   (Monadina)   receive    greater    consideration    from 

the   zoologist   than   from   the   botanist.      They  exhibit  in   their 

'Atkinson,  "Cotton  Diseases,"  Alabama  Agric.  Sxper.  Station  Bulletin,  No. 
41,  1892.     (Edit.) 

■ "  Carnation  Dinux»ee"  at  American  Carnation  Society,  1898. 

'The  more  important  literature  dealing  with  this  family  will  be  found  in: 
De  Bary,  Morphology  and  Biology  of  the.  Fungi  (English  Edition) ;  Lister,  The 
Mycttozoa,  London,  1895;  Zopf  in  Schenk's  Handbwh  dtr  Botanik,  m.,  1887; 
Schroeter,   "  MyxomycoteS  "  in  Die  natiirlirh.   Pjtataei\familien,  I.,   1802. 
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mode  of  reproduction  a  close  resemblance  to  the  Fungi,  and  as 
a  result  of  their  lack  of  chlorophyll,  they  share  with  Bac- 
teria and  Fungi  the  peculiarities  of  saprophytic  and  parasitic 
nutrition. 

The  vegetative  body  of  the  Slime-fungi  consists  of  naked 
protoplasm  without  a  firm  membrane.  Multiplication  is  effected 
chiefly  by  spherical  spores  with  the  same  external  appearance 
as  the  usual  funguB-spore.  Immediately  on  reaching  maturity 
the  spores  germinate  in  water  and  burst,  setting  free  a  mass  of 
plasma  provided  with  a  nucleus  and  vacuoles,  and  in  which  an 
outer  movable  hyaloplasma  can  be  distinguished  from  an  enclosed 
granular  plasma.  The  hyaloplasma  gives  off  delicate  pseudopodia 
capable  of  extension  and  retraction,  it  may  also  take  the  form 
of  a  nagellum  or  of  cilia.  The  organism  is  enabled  by  means 
of  the  pseudopodia  to  creep  over  firm  objects  as  an  "  amoeba  " ; 
by  the  cilia  it  can  propel  itself  through  water,  as  a  "  swarmer " 
or  "  zoospore."  A  zoospore  in  the  course  of  its  development 
generally  loses  its  cilia  and  becomes  an  amoeba,  and  both 
forms  can  multiply  by  division.  The  amoebae  creep  together 
in  large  numbers,  and  either  coalesce  completely  into  masses, 
or  remain  simply  in  contact  as  aggregations.  In  this  way 
Plasmodia  are  formed,  frequently  of  considerable  size  and  of 
conspicuous  colour.  The  Plasmodia  maintain  a  constant  move- 
ment, both  as  a  whole  and  in  the  form  of  internal  streamings. 
Resting  stages  have  been  observed  at  each  motile  stage  of 
the  life-history ;  thus  swarm-spores  rest  as  microcystis,  young 
Plasmodia  as  thick-walled  cysts,  and  mature  plasmodia  aa  multi- 
cellular Bclerotia, 

Multiplication  of  the  Myxomyeetes  also  takes  place  by  spore- 
formation.  In  the  Acrasieae  and  Fhytomyxinae  the  spores  are 
developed  freely  from  the  plasma.  The  Exosporeae,  a  very 
small  division,  have  their  spores  developed  on  the  outside 
of  sporophores.  In  the  greater  number  (Endosporeae)  the 
spores  are  formed  in  special  enclosures,  which  may  be  a  spor- 
angium produced  from  a  single  Plasmodium,  or  arr  aethalium — a 
cushion-like  structure  consisting  of  numerous  imperfectly  defined 
sporangia.  The  sporangia  are  often  of  considerable  size,  some- 
times not  unlike  the  aporocarps  of  the  Gasteromycetes,  spherical 
or  pear-shaped  and  stalked.  Sporangia  of  this  highly  developed 
kind   may  even  exhibit  a  certain  differentiation  into  a  wall  or 
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rind  of  compact  plasma  enclosing  the  spores,  and  frequently  a 
supporting  skeleton  or  capillitium  is  present  consisting  of 
numerous  filaments  of  hardened  plasma. 

Schroeter  divides  the  Myxomycetea  into  three  divisions,  the 
Acrasieae,  Phytomyxinae,  and  Myxogasteres  (including  the  Exos- 
poreae  and  Endosporeae).  Parasitic  forms  occur  only .  in  the 
second  of  these  groups.  If,  however,  all  the  forms  included 
by  Zopf  in  his  group  of  Mycetozoa  be  taken  into  account 
many  of  them  will  he  found  to  act  as  parasites  and  to  cause 
frequent  epidemics  amongst  algae  and  lower  fungi. 

We  shall  here  consider  only  the  genera  PlasmodiopKora, 
Tetramyxa,  and  Sorosphaera.  The  genuB  Phytomyxa  of  Schroeter, 
containing  those  micro-organisms  which  cause  the  root-tubercles 
of  Leguminosae,  has  already  been  considered  in  our  general 
part  (see  p.  101). 

Plasmodiophora. 

Spores  spherical  and  developed  inside  the  host-cells.  This 
genus  causes  diseases  of  considerable  economic  importance. 

Plasmodiophora  brassicae  Wor.1  This  species  attacks  all 
kinds  of  cabbage,  kale,  turnip,  kohl  rabi,  and  other  varieties  of 
Bramca  Bapa,  B.  Napus,  B.  oleracea,  and  other  edible  Cruciferae; 
also  other  plants  from  the  same  order,  such  as  Iberis  umbellate, 
Capsella  bursa-pastoris,  Mathiola  incana,  etc. 

The  symptoms  of  the  disease  are  manifold  swelling,  out- 
growth, and  branching  of  the  roots  at  all  stages  of  growth, 
with  a  more  or  less  marked  stunting  of  the  foliage,  according 
to  the  season  of  attack  (Fig.  315).  The  forms  assumed  by 
deformed  roots  are  very  variable  and  have  gained  the  disease 
many  designations.  In  Britain  it  is  known  as  "  finger  and 
toe  disease,"  "  club-root,"  "  clubbing,"  and  "  anbury  " ;  in  Bel- 
gium as  "maladie  digitoire  "  or  "  Vingerziekte  " ;  in  Germany 
as  "Kropf"  or  "  Kohlhernie." 

The  disease  was  first  recorded  in  Scotland  about  1789,  but 
now  it  has  a  very  wide  distribution,  appearing  in  all  places 
where  cabbage,  turnips,  and  allied  vegetables  are  cultivated  on 
a    large    scale.     The   roots  after   swelling  become    rotten    and 

1  Woronin,  Prinysheim'i  Jahrbuch,  xi.,  1878,  p.  648.  Eycleshymer  {Journal 
of  Mycology,  vn.,  p.  79)  gives  a  good  account  of  it*  distribution  in  America. 
Masaee,   Traiuiaetiims  of  Royal  Society  of  London,  LVll.,  1895. 


db,  Google 


PLA8M0DI0PH0RA.  525 

decay,  so  that  not  only  is  the  root  itself  worthless,  but  the 
aerial  shoot  is  badly  developed.  The  destruction  is  greatly 
favoured  by   moist  rainy  years. 

The  malformations  of  the  root  are  the  result  of  hypertrophy 
of  the  host-cells  due  to  a  stimulus  exerted  by  the  Plasmodium 
of  Plasmodv/phora,  not  only  on  the  contents  of  cells  inhabited 
by  it,  but  also  extending  into  the  cells  of  the  whole  neigh- 
bouring tissue.     The  cells  so  influenced   enlarge   in   size   and 


Fio.  815.— Pfatmodioplion 

become  divided  up  by  new  cell-walls.  The  Plasmodium  makes 
its  way  from  cell  to  cell  by  means  of  the  wall -pits,  and 
by  absorbing  the  contents  it  grows  and  fills  the  whole  cell. 
On  exhaustion  of  food,  and  without  previous  enclosure  in  a 
membrane,  the  plasmodium  forms  itself  into  spores,  so  that  the 
tissues  of  attacked  roots  become  completely  filled  with  thick- 
walled  spores,  which  are  set  free  only  after  decay  of  the 
surrounding  tissues  and  cell-membranes.  The  spores  hibernate, 
and    in    spring    my  x  amoebae    slip     out,    capable    of    infecting 
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young  roots  of  newly  germinated  cabbage,  turnips,  etc.  They 
do  this  by  penetrating  the  cell-wall,  probably  that  of  a  hair 
to  begin  with,  and  the  malformation  ensues.  The  myxamoebae 
possess  a  flagellum  and  pseudopodia,  so  that  they  are  fitted  for 


(After  Womiln.) 

different  modes  of  locomotion.  When  entrance  into  a  host-cell 
has  been  effected,  a  plasmodium  is  formed  and  growth  proceeds 
as  just  described. 

Wakker1   describes,    an    enlargement    of    the    attacked    cells 
and  an  irregular  growth  of  the   roota,   associated  with  a  rudi- 
1  Prmgtheim't  Jahrbuch,  1892. 
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mentary   condition   and   twisted   course  of   the  vessels,  and   an 
accumulation  of  transitory  starch  in  the  tissues. 

[The  methods  at  our  disposal  for  combating  this  parasite  all 
work  indirectly.  Its  spores  seem  to  retain  their  vitality  for  two, 
three,  or  more  years,  hence  one  very  evident  measure  is  not  to 
plant  the  same  crop  in  succession  on  land  which  has  been  attacked. 
As,  however,  all  Cruciferae  are  liable  to  injury  from  this  source, 


FlO.  817.—  HtUmodiophora 


(tttte-r  Woronln.) 


neither  would  it  be  advisable  to  let  say,  turnips  follow 
cabbage  or  kohl  rabi  on  infected  land.  For  the  same  reason 
weedB  belonging  to  the  order  Cruciferae  Bhould  not  be  allowed 
to  obtain  a  footing  near  land  where  plants  liable  to  "  finger  and 
toe "  axe  under  cultivation.  In  Scotland,  where  turnips  are 
necessary  in  all  ozop-rotations,  a  four-year  rotation  does  not 
give   complete   exemption   from    this   disease,   nor   is   five   years 
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considered  quite  a  safe  interval,  but  seven  years  is,  and  with 
good  management  the  disease,  though  by  no  means  uncommon, 
only  then  attains  serious  dimensions  in  moist  seasons.  Massee 
points  out  that  the  development  of  the  fungus  is  favoured  by- 
acids  and  checked  by  alkalis ;  this  explains  the  well-known 
beneficial  effects  of  dressings  of  lime  or  potash  in  keeping  the 
disease  in  check.  With  a  six  or  seven-year  rotation,  and  the 
application   of   lime    once    in    the   rotation,  the   disease   should 


la  from  a  Cubbucs-root  1 1 Mckod  by  PlamutdiirtAanx 
i  collfl  are  filled  with  spore*,    (r.  Tubeuf  del.) 

never  be  very  injurious.  The  direct  application  of  farmyard 
manure  to  the  turnip  crop  should  also  be  avoided,  especially 
if  the  stock  which  made  the  manure  was  fed  on  diseased  turnips ; 
this  is  necessary  because  it  has  been  found  that  the  spores  are 
not  killed  when  eaten  by  animals.]     (Edit.) 

Plasmodiophora  vitia  Viala  et  Sauv.1  This  is  said  to 
cause  a  Vine  disease  known  as  "  Brunissure,"  which  within 
recent  years  has  caused  considerable  loss  in  France,  North 
America,  and  Southern  Russia.2  The  early  symptoms  are  light- 
brown  star-shaped  spots  on  the  upper  surface  of  the  leaves 
between  the  ribs.  The  spots  enlarge  and  cause  a  premature  fall 
of  the   leaf,  whereby  the  grapes  are   prevented   from   maturing. 

1  Viala  et  Sauvageau,  Compt.  rend.,  cxiv,,  1892. 

'Cooke  {Gardener's  Chronicle,  1SB3)  refers  ■  welling*  found  by  him  on  roota  of 
the  vine  in  England  to  the  action  of  this  fungua.     (ftdit.) 
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The  above-named  investigators  found  plasmodia  in  various  stages 
of  development  in  the  palisade  cells,  aud  later  in  the  spongy 
parenchyma  of  diseased  leaves.  On  treatment  with  "  eau  de 
javelle "  the  plasmodia  remained  visible,  whereas  the  contents 
of  healthy  cells  disappeared.  Spore-formation  has  not  as  yet 
been  observed.  The  same  parasite  has  been  seen  in  vines  in 
the  Rhine  district. 

Recently  Debray  aud  Brive1  have,  in  consequence  of  their 
researches  on  Brunissure,  removed  the  fungus  from  the  genus 
Plasmodiophora,  and  founded  for  it  a  new  group  Pseudowmmis, 
with  a  position  near  Vampyre/la  and  Myxomycetes.  This  same 
fungus  they  also  found  in  a  large  number  of  plants  from  thirty 
different  natural  orders. 

Plasmodiophora  californica  Viala  et  Sauv.!  is  another  vine 
parasite  which  causes  greater  damage  than  the  preceding  species. 
Reddish  leaf-spots  are  produced,  and  extend  so  rapidly  that  the 
leaves  may  drop  early  in  spring.  The  parasite  also  affects  the 
shoots  to  such  a  degree  that  an  abnormal  number  of  shortened 
brunches  are  developed,  the  wood  of  which  exhibits  brown 
stripes  in  autumn. 

It  has  not  as  yet  been  quite  proved  that  the  plasma  observed 
in  withered  vine  leaves  really  consists  of  plasmodia  of  the 
above  two  species  of  Plasmodiophora,  nor  have  spores  been 
found.  The  true  cause  of  the  diseases  has  probably  still  to  be 
explained. 

In  cases  of  root-deformation  in  pear,  Muller-Thurgau8  observed 
a  slime-fungus  in  cells  of  the  root-parenchyma. 

Tetramyxa. 

Spores  united  four  together  as  tetrads  and  enclosed  in  a 
delicate  membrane. 

Tetramyxa  parasitica  Goeb.*  First  found  by  Goebel  in 
ditches  of  marshy  meadows,  causing  tuberous  balls  of  a  whitish- 
green  to  brown  colour  on  leaves,  flowers,  and  stalks  of  Suppia 
rosteUata.  Sections  of  the  swellings  showed  the  parenchyma 
to   be   divisible    into  a    dark   brown   central   part  consisting  of 

'Contpt.  rendu.,  cxx.,  189B;  and  "  La  Brtmiuure,"  Serve  de  Viticulture,  189fi. 

*Compl,  rend.,  cxv.,  1892,  p.  87. 

'Jahrubericht  d.   Vtrt.-Stat.    WadenaeeU,  n. 

'Goebel,    Flora,   1884.      Identified  in  Scut  land  by  Prof.  Trail. 

2l 
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killed  cells,  and  a  lighter  coloured  peripheral  part.  The  cells 
of  young  tubercles  contain  multinuclear  plasmodia,  which  at  the 
time  of  spore-formation  break  up  into  portions  round  each 
uucleus  (spore-mother  cells).  These  portions  then  divide  into 
four  spores,  each  with  a  nucleus.  The  spores  remain  enclosed 
in  a  delicate  membrane  as  spore-tetrads,  the  characteristic  feature 
of  this  species.  The  upper  part  of  leaves  containing  galls 
frequently  died. 

Sorosphaara. 

Spores  enclosed  in  large  numbers  in  a  delicate  membrane, 
and  forming  a  single  layer  round  a  central  cavity. 

Sorosphaera  veronicae  Schroet.1  causes  quill-like  outgrowths 
and  malformations  in  the  stems  and  leaf-petioles  of  species  of 
Veronica  (  V.  hedcrifolia,  V.  triphylla,  V.  chamaedrys).  The  galls 
consist  of  enlarged  parenchymatous  cells  containing  numerous 
spherical  or  elliptical  light-brown  balls  about  15  or  22ti  broad. 
The  balls  are  enclosed  in  very  delicate  membranes,  and  consist 
of  a  single  layer  of  spores  surrounding  a  small  cavity.  The  in- 
dividual spores  are  elliptical  or  oblong  in  shape,  about  8-9/* 
long  and  4-4-5/1  broad. 


III.  THE  PATHOGENIC  BACTERIA. 
SCHIZOMYCETES. 
Although  the  bacteria  and  allied  forms  included  in  this 
group  are  the  cause  of  many  diseases  of  mankind  and  of 
warm-blooded  animals,  yet  very  few  diseases  of  plants  are 
ascribed  to  their  agency.  '  The  true  Fungi,  on  the  other  hand, 
which  we  have  seen  to  cause  bo  many  diseases  amongst  plants, 
only  very  rarely  appear  as  enemies  of  the  higher  animals.  The 
few  cases  in  which  bacteria  have  been  stated  to  cause  injury 
to  plants  are  all  as  yet  incompletely  investigated  and  uncertain 
in  two  respects.  Thus  although  a  plant-disease  undoubtedly 
exists  accompanied  by  the  appearance  of  bacteria,  these  bacteria 
may  not  be  the  cause  of  the  disease ;  nor  need  it  follow 
that  the  phenomena  accompanying  an  attack  by  bacteria  are 
necessarily  symptoms  of  disease.  On  this  account  we  shall 
1  Scbroetor,  Ewjier-Fratitl  naffirlieh.  PJamenfamiliai. 
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consider  those  phenomena,  which  have  been  described  as 
bacterial  diseases  of  plants,  very  briefly  and  with  a  certain 
reserve.  This  part  of  the  work  has  been  considerably  facilitated 
by  the  use  of  Ludwig's  compilation  of  bacterial  diseases,1  and  by 
Migula's  account  of  them  from  the  bacteriological  point  of  view. 

Migula  considers  that  only  five  diseases  of  plants  have  been 
definitely  proved  to  be  due  to  bacteria,  namely,  pear  or  apple 
blight,  sorghum  blight,  the  bacterial  disease  of  the  maize,  the 
bulb-rot  of  hyacinths,  and  the  wet-rot  of  potatoes.  We  shall, 
however,  indicate  briefly  some  other  plant  diseases  which  are 
suspected  to  have  a  bacterial  origin.  The  slime-fluxes  of  trees 
have  been  already  considered  along  with  the  genus  Endomyces 
(p.  141),  so  that  we  omit  them  here. 


Pear  and  Apple  Blight. 

This  destructive  disease  of  the  apple  and  pear  in  North 
America  has  been  proved  by  the  investigations  of  Burrill 2 
and  Arthur  to  be,  without  doubt,  of  bacterial  origin.  The 
disease  has  been  known  for  over  100  years,  and  occurs 
with  disastrous  effects  on  fruit-trees  in  the  orchards,  as  well 
as  on  crabs  and  other  wild  species.  Pear  trees  seem  to  suffer 
most  in  the  Eastern  States,  apple  trees  in  Iowa  and  elsewhere, 
while  none  of  the  species  of  Pyrus,  Cydonia,  and  Sorbus  are 
exempt  from  attack. 

The  disease  appears  first  on  the  bark  as  little  dead  spots ; 
these,  however,  rapidly  enlarge  till  death  of  twigs,  branches,  and 
even  stems  may  follow.  As  a  result  of  death  of  twigs,  the 
leaves  turn  brown  and  fall,  while  a  dark  fluid  exudes  from  the 
diseased  bark.  The  presence  of  bacteria  has  been  proved  in 
this  exuded  sap  as  well  as  inside  the  cells,  and  infections  have 
been  successfully  carried  out  from  pure  cultures.  The  name 
Micrococcus  ainylovorous  was  given  by  Burrill  to  the  organism. 
It  flourishes  on  the    sour  unripe  fruit,  and  in  the   tissues  of 

'  Lehrbw.k  der  niederen  Kryntogamtn,  1892. 

Migula.  Kritieche  Uebernc/U  d.  Pfiamenkrankheiten  durch  Bakierkn  vena-' 
tachl,  1892. 

Prillioux  ct  Delacroix.     "  Maladies  bacciUairee."    Compter  rendu,   1894. 
-Burrill,    The.  American  Naiuraliil,    1881. 


Arthur,  Report  of  New   York  Aijric.  Exper.  Station, 
Waits,    yearbook   of   U.S.    Dept.    of  Agricvllvrt, 


1893 ;    description    and 
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diseased  branches,  and  is  one  of  those  forms  which  does  not 
liquefy  gelatine.  One  characteristic  reaction  is,  that  as  destruc- 
tion of  the  tree-rind  proceeds,  fermentation  takes  place  with 
production  of  carbon  dioxide,  hydrogen,  butyric  acid,  and  alcohol. 
The  bacterial  colonies  should  be  carefully  cut  out  when 
detected. 

Bacteriosis  of  Carnations. 
Arthur  and  Bolley  have  recently  described  a  bacterial  dis- 
ease of  carnations  common  in  North  America.1  It  attacks  the 
leaves  almost  exclusively,  causing  pale  spots  which  later  become 
whitish  depressed  areas.  The  plants  are  seldom  killed  outright 
and  the  leaves  remain  attached,  but  they  are  stunted  in  size, 
and  the  yield  of  flowers  is  prejudiced.  The  disease  is  favoured 
by  poor  cultivation  in  moist  surroundings,  and  is  more  prevalent 
indoors.  A  very  efficient  remedy  is  to  avoid  watering  the 
foliage,  except  at  long  intervals ;  by  means  of  wire-netting  it  ie 
possible  to  water  the  roots  without  touching  the  foliage.     (Edit.) 

Twig-galls  of  the  Olive*  ("  Eogna  or  Loupe  "). 

Twigs  of  the  olive  are  frequently  beset  with  knots  varying 
froiii  the  size  of  peas  to  that  of  hazel-nuts.  These  consist 
chiefly  of  parenchyma  which  begros  to  decay  internally  before 
the  gall  has  ceased  growing;  finally  the  gall  also  dies.  In  this 
way  cavities  in  the  twigs  are  formed  in  which  Frillieux  found 
large  masses  of  bacteria  (Bacillus  uleae),  to  whose  action  he 
ascribes  the  formation  of  the  galls,  as  well  as  the  decay  of  the 
tissues.  Infection  from  pure  cultures  is  yet  required  to  show 
whether  the  galls  are  really  due  to  the  action  of  the  bacteria, 
and  whether  the  above-mentioned  Bacillus  is  the  real  cause. 
I  had  the  opportunity  of  personally  inspecting  the  disease  on 
olives  near  Biva,  and  found  that  the  galls  really  contained 
nests  of  bacteria,  while  death  of  twigs  above  the  galls  was 
very  frequent. 

Similar  symptoms  of  disease  occur  on  willow,  birch,  pine, 
and  other  trees,  hut  they  have  not  been  investigated. 

'Arthur  and  Bolley,  Pvrdvc  Unxvermty  Agric.  Exptr.  Station,  Bull.,  59,  1806. 
1  Prillieux,     "  Led    tumours    bacillea    de    1 'Olivier,    etc.,"    Rtvtie   gtntr.     de 
botaniqnt,   1889. 
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Twig-fjallfl  of  the  Aleppo  Pine.1 
The  galls  occurring  on  the  twigs  and  branches  of  Finus 
halepensis  are  even  larger  than  those  on  the  olive;  they  are 
particularly  common  in  the  woods  near  Coaraze  in  the  Maritime 
Alps.  The  galls  contain  masses  of  bacteria  situated  in  canals 
and  cavities  in  the  parenchyma,  and  throughout  the  woody 
tissues  inside  the  galls.  Prillieux  regards  bacteria  as  the  cause 
of  the  galls,  and  he  believes  that  they  penetrate  the  healthy 
bark  and  form  nests  which  kill  the  parenchyma.  Experimental 
infection  has,  however,  not  yet  been  carried  out. 

Canker  of  the  Ash. 
Sorauer1  regards  the  well-known  ash-canker  as  the  result 
of  the  action  of  bacteria,  but  Noack  thinks  this  improbable. 
Bacteria  were  found  in  the  canker-spots  only  in  summer,  and 
might  easily  have  got  there  accidentally  after  the  formation  of 
the  galls.  Galls  of  the  ash  caused  by  attacks  of  the  insect 
Phytoptua  may   frequently  contain  bacteria. 

Canker  of  the  Ivy, 

Lindau8  describes  a  cancerous  formation  on  ivy-twigs,  accom- 
panied by  death  of  portions  of  the  leaves.  The  diseased  places 
contained  slimy  masses  of  bacteria,  and  the  canker-spota,  though 
at  first  isolated  by  formation  of  wound-cork,  continued  to  extend 
till  they  reached  the  wood,  which  was  ultimately  killed.  Pure- 
culture  and  infection-experiments  were  not  carried  out,  and  the 
author  himself  was  unable  to  determine  whether  the  bacteria 
were  primary  agents  in  the  canker- formation  or  only  late  arrivals. 

Lilac  Disease. 
Sorauer*  observed   masses  of  bacteria  enclosed  in  cavities  in 
young   twigs  of   lilac   which   after   becoming   black-spotted  had 
in  many  cases  broken  over.     The  attack  aud  the  part  taken  in 
it  by  the  bacteria  were  not  however  investigated  further, 

1  Vuillemin,  "  Sur  uho  tumour  du  Pin  d'Alsp,"  Compt.  mid.,  evil.,  1888; 
Prillieux  {loe.  tit.), 

'Sorauer,  Atlax  ti.  PJtaiut itkraiikh eilen  ;  Noock,  "  Der  Eschenkrebs,"  Zeit- 
KhHft  f,  PfianwikrankhtiUn,  18113,  p.  103. 

'  Lindau,  Zf.itKhr\ft  /.    Pfiaiae.alcranklieilen,   18M,  p.    1. 

'Sorauer,  Ztittchrifl  /.  Pflatizenkrankhtiten,  1891,  p.   186,  and    1802,  p.  314. 
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Bacterial  Disease  of  the  Mulberry.1 
Cavities  containing  bacteria  have  been  found  in  brown  spots 
on  diseased  leaves  and  twigs  of  the  mulberry.  A  form 
"Bacterium  mori"  was  isolated  and  found  to  reproduce  the 
disease  when  used  to  infect  healthy  leaves.  I  have  myself 
observed,  in  the  arboretum  of  the  forest  experimental  station 
at  Munich,  most  of  the  new  twigs  of  an  old  mulberry  tree 
beset  with  brown  spots  over  the  whole  green  tissue.  The 
leaves  on  such  twigs  were  not  spotted,  but  died  off  prematurely. 
The  spots  indicated  cavities  filled  with  bacteria  and  a  slimy 
substance. 

"  Mai  nero  "  of  the  Vine. 

This  name  is  given  to  certain  diseases  of  the  vine,  the  cause 
of  which  has.  never  been  satisfactorily  explained.  Baccarini2 
succeeded  in  obtaining  all  the  symptoms  of  the  disease  after 
infecting  healthy  twigs  by  grafting  on  diseased  pieces.  Prillieux 
and  Delacroix3  describe  a  similar  disease  prevalent  in  Tunis 
and  throughout  France,  with  the  name  "  Aubernage."  The 
wood  when  attacked  exhibits  black  points  which  rapidly 
enlarge  and  coalesce,  causing  it  to  decay.  All  diseased  elements 
were  found  to  contain  a  brown  gummy  substance  in  which  a 
form  of  Leptothrix- bacterium  swarmed.  Inoculation  of  healthy 
vines  produced  the  disease  in  the  following  year. 

Certain  diseases  of  the  grape  have  also  been  ascribed  to 
bacterial  action,  and  investigations  are  at  present  in  progress. 

Sorghum  Blight. 
A  disease  of  species  of  Sorghum  has  been  long  known  iu 
America,  especially  on  S.  sacckaratum,  one  of  the  sources  of 
sugar.  The  symptoms  are  red  or  black  spotting  of  the  leaves 
and  other  parts  of  the  plant.  The  disease  may  even  be  severe 
enough  to  cause  death  of  the  host-plants.  Burrill  in  1886 
found  a  bacterial  form  present  in  the  spots,  and  named  it 
Bacillus  eorgki.    Kellermann  and  Swingle4  obtained  pure  cultures, 

1  Boyer  and  Lambert,  "Deux  maladies  du  Mflrier,"  Compt.  rend.,  ratvii.,  1893. 
!  Ma/piyhia,  vi.;   alao  Bullet,  d.  SOC.  hotan.  Ital.,  1894. 
J"La  gomnume  baoillaire  d.  Vignea,"  Comptm  rtttd.,  cxvm.,   1894. 
'Report  of  bolaniral  department  of  Kansas  State  Agric.   Col/eye,    1889. 
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and  carried  out  successful   experiments  in   infection  of  healthy 
Sorghum. 

Diseased  fields  should  have  the  Sorghum,  stubble  burnt  out, 
and  other  crops  cultivated  on  them  for  several  years. 

Bacterial  Disease  of  Maize.1 
From  dark  slimy  spots  on  young  maize-plants  which  had  died 
from    some    unknown    disease,   Burrill    isolated   Bacillus   secaks. 
Pure   cultures   were   obtained   and   minutely   described,   but   no 
record  is  given  of  its  use  in  infection-experiments. 

Bed-coloration  of  Wheat. 

This  is  a  phenomenon  not  uncommon  on  wheat-grain,  where 
it  may  be  epidemic.  Prillieux*  ascribes  it  to  a  Micrococcus 
which  he  found  associated  with  it ;  as,  however,  neither  pure 
cultures  were  made  nor  any  experiments  in  infection  carried 
out,  the  cause  of  the  disease  is  still  doubtful-  Examination  of 
diseased  grain  showed  that  the  starch-grains  and  even  cell-walla 
had  been  dissolved. 

Mosaic  Disease  of  Tobacco. 
This  disease  of  the  tobacco  is  well  known  in  the  Nether- 
lands. It  makes  its  appearance  as  a  mosaic-like  pattern  on 
the  leaf,  due  to  isolated  spots  becoming  light-green,  then  dying. 
Mayer s  ascribes  the  disease  to  the  influence  of  bacteria,  although 
infection-experiments  have  hitherto  failed ;  other  observations 
on  the  disease  do  not  confirm  this  conclusion. 

Potato-Rot.4 
Kiihn  described  a  dry-rot  or  tuber-rot  of  the  potato  which 
had  been  known  since   1830.      The  disease  appears  generally 
after  harvest  and  lasts  till  spring.     The  tubers  shrivel  up  and 
become   very  brittle. 

'Burrill,  Agrie.  Exptr.  Station,   Unit:  of  Illinois,  1889. 

'Aiina/t*  d.  *-i.  natur.,  Ser.  vi.,  8,  1878,  p.  248. 

'  "  Ueber  die  Mos»ik-kr«nkbcit  dea  f  nbaka,"  Venmtlu-atation,  Vol.  32,  1886. 

'  Kuhn,  Die  Krankhtittn  d.   KuHttrgeieaehne,  1868. 

Th«  ttxtbooko  of  Frank  an. I  Sorauer. 

Reinke  end  Berthold,   Die  Ztrtetvang  d.   Kartofei  dnrch  Pilir,,   1879. 

Kramer,  Oaterrcirh.  landa-irth.  Centralblail ,  1891. 
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Another  disease  of  potato-tubers  quite  distinct  from  the 
above  is  "wet-rot,"  which  is  widely  distributed,  and  has  been 
known  since  1845.  It  appears  on  the  field  and  shows  itself 
by  a  putrefaction  of  the  tubers.  Kramer  investigated  tubers 
whose  contents  had  liquefied  inside  the  swollen  skin.  They 
contained  unaltered  starch-grains,  remains  of  the  protoplasm, 
and  numerous  bacteria.  The  mass  in  the  earlier  stages  was 
acid,  later  it  became  alkaline,  and  smelt  strongly  of  butyric 
acid.  Kramer  obtained  pure  cultures  of  the  bacteria  and  infected 
potato  tubers  in  various  ways,  obtaining  in  every  case  the 
characteristic  rot.  The  Bacillus  was  obtained  in  the  form  of 
rods  with  rounded  ends,  or  as  long  wavy  filaments,  or  as 
spores.  On  nutritive  agar-agar,  the  colonies  form  little  dirty- 
white  slimy  drops  with  a  distinct  margin  and  a  brownish 
centre.  On  gelatine  the  margin  of  each  colony  makes  a  groove 
or  funnel  in  which  the  colony  lies,  and  liquefaction  of  the 
gelatine  proceeds  rapidly.  This  Bacillus  is  aerobic,  in  this 
respect  differing  from  Clostridium  butgricum  Prazm,  which  is 
anaerobic.  It  also  differs  from  Bacillus  butyricus  Hueppe,  in 
that  it  is  able  to  decompose  milk.  It  appears  quickly  on 
wounds  of  all  kinds,  and  infection  can  easily  be  performed 
artificially  by  pricking  or  otherwise  wounding  the  periderm. 
Infection  also  takes  place  through  uninjured  skin,  and  in 
this  case  the  Badllm  must  enter  by  the  lenticels  of  the 
tuber. 

The  disease  begins  with  the  formation  of  a  soft  spot  under 
the  periderm  of  the  tuber.  This  extends  rapidly,  the  tissue 
being  completely  destroyed,  and  leaving  great  cavities  containing 
the  almost  uninjured  starch -grains.  At  this  stage  carbonic 
acid  and  butyric  acid  are  formed,  so  that  the  reaction  to  lit- 
mus is  acid ;  later  the  decomposing  fluid  becomes  alkaline 
from  formation  of  ammonia,  methylamine,  and  tri  methyl  amine. 
Various  putrefactive  bacteria  and  fungi  make  their  appearance 
in  the  later  stages  of  decomposition  after  the  periderm  has 
been  ruptured. 

A  somewhat  similar  disease  is  reported  by  Halsted1  from 
the  Southern  States  of  America.  Diseases  of  a  similar  nature 
are  also  reported  on  tomato,  cucumber,  and  melon. 

>  Ztittchri/l  f.  Pjtamenh-aukheUeii,   1895,  p.  337. 
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Potato-Scab. 

The  symptoms  of  this  common  disease  consist  in  the  formation 
of  areas  of  dry  corky  tissue  on  the  surface  of  the  tubers. 
These  soon  fall  a  prey  to  bacterial  forms,  and  rotting  takes 
place,  soon,  however,  to  be  cut  off  from  the  healthy  tissue  by 
a  layer  of  cork.  The  disease  continues  to  spread  deeper  into  the 
tuber,  till  the  reserve  materials  are  used  up  or  rendered  useless. 
Bolley '  ascribes  the  disease  to  a  particular  Bacterium  which  he 
isolated  and  used  to  carry  out  infections  ou  healthy  tubers. 
Without  doubt  this  Bacterium  is  common  in  tubers  exhibiting 
"  scab,"  but  other  conditions  may  have  caused  the  disease  in  the 
first  instance. 

Thaxter*  believes  that  the  scab-disease  of  both  potato  and 
beetroot  is  caused  by  a  fungus  Oospora  scabies  (p.  497). 

Schilberszky  *  in  investigating  a  potato-scab,  found  a  fungus 
which  he  places  amongst  the  Chytridiaceae ;  its  life-history  has 
not  as  yet  been  followed  out. 

Bacterial  Diseases  of  Beetroot 
Beetroot  and  sugar  beet  have  shown  themselves  very  liable 
to  diseases  which  have  been  ascribed  to  bacterial  agency.  Thus 
in  sugar  beet  which  yielded  a  low  proportion  of  sugar,  Arthur  and 
Golden  *  found  the  cells  inhabited  by  a  multitude  of  bacteria. 
These  inhabited  both  roots  and  leaves,  without,  however,  giving 
any  external  evidence  of  their  presence. 

Hiltner'  observed  that  beetroot  died  in  consequence  of  loss 
of  its  root-hairs.  This  loss  was  traced  to  bacteria,  and,  after 
these  had  been  killed  by  disinfection,  the  same  roots  again 
produced  normal  root- hairs  and  grew  well. 

More  recently  Sorauer®  describes  a  disease  of  these  crops 
in  Germany.  The  lower  ends  of  the  plants  become  black,  while 
from  the  undiseased  portions  of  the  surface  there  exuded  a 
gummy  fluid  containing  bacteria,  yeasts,  and  fungi.     He  considers 

1  Bolley,  "  Potato -Scab.7'     Agricidtttral  Science,  1890. 

5  Thucter,  R'.portx  of  the  Connecticut  Aijric.  Exptr.  Station,  1890  anil  1S91. 
>  Scbilberwky,  Vorlauf.  Mittheilung,  Ber.  d.  deutsch.  ootan.  Ota.,  1806,  p.  36. 
'"Dineaeea  of  the  Sugar  Beetroot."   Indiana  Auric.  Exper.  Station,  Hall. .'!!),  1892. 
*  H  iltuer,  Sdehtisch.  landmirth.  Zeitung,  1894. 

'Blatter/.  Zttcktrrubenbau,  1894;  alio  Centralblalt  f.  Bakteriolo-jic  nod  Para- 
titenktindt,  XVIII. .  180%  p.  2*1.1. 
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that  the  disease  was  in  the  first  instance  due  to  bacterial  action. 
Other  diseases  have  already  been  noticed  amongst  the  "  Fungi 
Imperfecti"  (p.   464). 

Gammons  of  Plants. 

There  are  many  diseases  characterized  by  a  gummy  outflow 
from  the  diseased  parts  or  from  their  neighbourhood.  Amongst 
plants  exhibiting  this  are  trees  like  the  mulberry,  olive,  vine, 
fig,  and  vegetables  like  potatoes,  turnips,  beetroot,  and  many- 
others.  As  yet,  however,  no  investigations  have  been  carried  out 
carefully  enough  to  give  satisfactory  explanations  of  them.  It  is, 
however,  probable  that  they  are  primarily  due  to  errors  in 
cultivation,  while  the  bacteria  which  are  always  found  associated 
with  them  are  of  secondary  importance  as  disease -producers. 

Bacterioaia  of  Bulbs. 

Hyacinth-bulbs,  when  stored  up,  are  liable  to  several 
diseases  which  bring  about  rot  and  decay.  Bacteria  have 
been  found  in  the  earlier  stages  of  the  rot  by  Beveral 
observers.  One  of  these  bacterial  forms  described  by  Wakker ' 
occurs  as  yellow  masses,  particularly  in  the  decaying  fibro- 
vascular  bundles  of  the  bulbs ;  it  has  been  named  Bacillus 
hyacivthi  Wakk.  Wakker  succeeded  in  carrying  out  infections 
with  it,  and  it  seems  to  be  a  definite  bacterial  disease.  The 
external  symptoms  were  yellow  lines  on  the  leaves,  due  to  yellow 
masses  of  the  Bacillus  in  the  vascular  bundles  and  intercellular 
spaces  of  the  parenchyma. 

Another  bacterial  disease  of  hyacinth  and  other  bulbs  was 
investigated  by  Heinz.*  The  disease  starts  from  the  bulb,  and 
rapidly  extends  into  the  leaves  and  inflorescences,  so  that  the 
leaves  wither  and  the  flower-buds  drop  on".  Shortly  afterwards 
the  diseased  tissues  break  up  and  become  a  foul-smelling  slime 
containing  an  almost  pure  culture  of  a  bacterial  form  which 
Heinz  named  Bacillus  kyacinthus  scpticue.  The  Bacillus  is  easily 
cultivated  on  gelatine,  which  it  does  not  liquefy.  When  applied 
to  the  base  of  the  leaves  it  easily  infects  them,  penetrating  in 

Wakker,  Bolan.  OtntralMalt,  xiv.,   1883;   Wakker,  "Onderaoek  d.  Ziebten 
van  Hyacintlien,  etc.,"  Algrm,   Va-eemg.  roor  Bloemboflenkuttur,  1883,  84,  85. 
•Heinz,  Centralblalt  fur  Batteriologie  mid  Paramtenkimdt,  1889,  p.  535. 
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twenty-four  hours  to  a  distance  of  5-10  cm.  through  the  leaf- 
tissue.  Infection  of  leaves  and  bulbs  of  common  onion  with 
the  same  Bacillus  was  also  successfully  carried  out,  and  the  same 
symptoms  of  disease  followed. 

Sorauer,  in  bis  "  Handbuch,"  describes  a  bulb-rot  said  to  be 
due  to  bacteria ;  but  whether  it  be  the  same  disease  as  this 
or  not  we  cannot  say. 

Bacterial  Disease  of  Beans. 

Halsted l  describes  a  disease  on  cultivated  beans,  which  caused 

considerable  loss  in  the  United  States.     Bacteria  were  present  in 

large  numbers   in  all  diseased  parts,  but  to   what  extent  they 

were  responsible  for  the  disease  could  not  be  exactly  determined. 


IV.  THE  PATHOGENIC  ALGAE. 
The  Cyanophyceae  or  Sehizophyceae,  though  generally  placed 
with  the  Bacteria  in  the  group  of  the  Schizophytes,  are  here 
included  with  the  true  Algae  on  account  of  the  great  resemblance 
in  their  mode  of  life  when  they  play  the  part  of  symbiotes 
or  parasites. 

The  Diatomaceae  contain  no  endophytic  species. 
The  Algae  differ  from  the  groups  of  the  Fungi,  Myxomycetes, 
and  Schizomycetes,  in  their  possession  of  chlorophyll  and  their 
power  of  assimilation.     The  relationship  of  the  Algae  to  other 
living  organisms  may  be  expressed  under  the  following  heads: 
I.  Symbiosis  of  Algae  with  Fungi. '   (Lichens.) 
II.  Symbiosis  of  Algae  with  animals. 

III.  Symbiosis  of  Algae  with  chlorophyllous  plants. 

(a)  Epiphytes. 
(6)  Endophytes. 

1.  Inhabitants  of  free  spaces  in  other  plants. 

2.  Inhabitants  of  domatia. 

IV.  Parasitism  of  the  endophytic  Algae. 

(a)  In  relation  to  animals. 
(h)   In  relation  to  plants. 

1.  Inhabitants  of  the  cell  wall. 

2.  Inhabitants  of  the  cell  cavity, 

3.  Destroyers  of  tissues  as  a  whole. 

1  Acw  Jmey  Agrie.  Exper.  Station,  Report,  1892. 
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The  lichen-symbiosis  is  the  most  marked  example  of  mutual 
symbiosis  we  know.  Amongst  the  partnerships  of  Algae  with 
animals  every  form  exists  from  mutual  symbiosis  to  true 
parasitism  or  to  typical  epiphytism.  The  last  condition  is,  how- 
ever, more  frequently  met  with  amongst  Algae  or  Lichens 
epiphytic  on  other  chlorophyllous  plants.  The  phenomenon 
of  "  shelter-parasitism "  is  also  a  frequent  one,  the  Algae 
inhabiting  cavities  already  present  in  the  host,  or  "  domatia " 
■ — -places  of  abode  formed  with  the  assistance  of  the  Algae. 

The  full  discussion  of  these  and  other  symbiotic  relationships 
may  be  had  by  reference  to  the  works  dealing  with  subject; 
some  of  the  more  important  of  these  are  given: 

De  Bar}-,  Die  Ertcktinung  der  Symbiote,  1679. 

O.  Hertwig,  Die  Symbiote  im  T/iierreleA,  1883. 

Kleba,  "Symbiose  ungleichartiger  Orgaiiiernen."  Eiolog.  Centred blutt, 
1882. 

Kleba,  "Beitrage  zur  Kenntniss  niederar  Algenforiuen,"  Botati.  Zettung, 
1881. 

Geza  Entz,  "  Das  Konsortial verbal tuiss  von  Algen  und  Thieren,"  Biolog. 
Centrtdblatt,  1882. 

Brandt,  "  Die  morphologiache  und  pliyaiologische  Bedeutnng  des  Chloro- 
phylls bei  Thieren."     Mittheil.  d.  Zoolog.  Station  Neapd.,  1883. 

Van  Beneden,  Animal  parasites  and  Messmate*.  (English  Edition), 
International  Scientific  Series. 

Only  these  algae  which  are  parasitic  on  the  higher  plants 
come,  strictly  speaking,  within  the  limits  of  the  present  work; 
we  shall,  however,  also  take  into  consideration  the  interesting 
symbiotic  adaptations  presented  by  several  algae  which'  live 
endophytic,  but  not  truly  parasitic,  in  higher  plants.1 

There  is  a  distinct  resemblance  between  the  parasitism  of 
algae  and  that  of  parasitic  fungi.  Some  parasitic  algae  live 
in  the  intercellular  spaces  of  their  host,  others  inside  the 
host's  cells,  and  many  of  them  inhabit  algae  and  other  aquatic 
plants.  A  large  number  of  algae  live  as  endophytes,  many 
of  them  in  cavities  occurring  naturally  in  other  plants ;  such 
we  can  hardly  regard  as  parasites ;  nor  those  which  cause  the 
formation  of  "  domatia "  on  their  hosts,  since  these  structures 
are    an    indication    of   a    symbiotic   rather   than   of  a   parasitic 

1  Altmann  (Botan.  Zeittmg,  1894,  p.  207)  describes  a  number  of  marine  algae 
parasitic  on  Faeaceae  ;  Moebius,  "  Enilophyte  Algen,"  Biolog.  Centraibiatl,  1891 ; 
also  Consptttux  air/arum  endophi/tariim,  ttv.,  1891,  with  complete  bibliography. 
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relationship.  The  manner  in  which  typical  chlorophyllous  plants 
gradually  become  shelter-parasites,  and  pass  from  this  into  the 
condition  of  true  parasites,  is  well  demonstrated  amongst  the 
algae.  Few  of  the  parasitic  algae  can  be  said  to  affect  their 
host  injuriously  by  causing  death  of  its  tissues ;  Phyllosiphon  is 
the  most  marked  case  of  this  kind. 

A.  THE  CYANOPHYCEAE, 

These,  the  blue-green  algae,  possess  a  homogenous  bluish 
green  plasma,  with  a  colouring  matter  consisting  of  phycocyan 
and  chlorophyll.  Multiplication  takes  place  only  by  cell- 
division;  sexual  reproduction  does  not  occur.  Many  of  the 
forms  are  adapted  to  a  symbiotic  life,  yet  without  prejudice  to 
their  ability  to  live  aa  independent  organisms.  Numerous 
species  form  licbeus.  They  are  in  many  eases  capable  of  long 
resistance  to  drought. 

The  Cyanophyceae  are  common  both  as  endophytes  and 
epiphytes  on  other  algae  and  on  higher  plants.  Amongst  them 
will  be  found  examples  of  purely  shelter-parasitism,  of  true 
parasitism,  and  all  intermediate  stages,  yet  no  cases  are  known 
of  real  injury  or  death  to  host- plants  resulting  from  members 
of  this  group.  Amongst  forms  endophytic  in  Phanerogams  may 
be  noticed  Nostoc  gunnerae  in  Angiosperms,  and  Anabaena 
cycadearum  in  Gymnosperms ;  hi  Fteridophyta  only  Anabaena 
azollae  is  known,  and  in  Bryophyta,  Nostoc  lichenoides.  In  every 
case  the  Nostoc  penetrates  as  a  shelter-parasite  into  fissures  or 
cavities  already  existing  in  the  host,  and  becomes  as  a  rule 
entangled  in  a  slime  occupying  the  cavity.  The  Nostoc  in 
Gunnera  becomes  parasitic  at  a  later  stage,  and  makes  its  way 
into  the  cavity  of  cells.  The  other  species  are  never  endophytic 
in  the  host-cells,  though  they  may  affect  the  cells  surrounding 
a  cavity  and  stimulate  them  to  further  growth,  apparently, 
however,  without  any  injurious  effect  on  the  host-plant. 

Nostoc  ptmctiforme  (Kutz.)  P.  Hariot1  (Nostoc  (Scytonema) 
gunnerae  Eeinke).8  This  occurs  in  various  species  of  Gunnera, 
natives  of  South  Africa,  New  Zealand,  and  South  America ;  or 
cultivated  frequently  in  Europe.  The  occurrence  of  the  Nostoc 
is  in  every  case  the  same,  its  presence  being  indicated  to  the 

■Hariot,  Compt.  rend.  cxv.,  1892. 

'Reiuke,   Morphologisrhr  Abhandivngen,   Leipaic,   1873. 
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naked    eye    by    bluish -greet)    spots    on    sections    of   stems    and 

rhizomes  of  the  host  (Fig.   319). 

These  originate  as  follows :  the 
species  of  Ounnera  possess  charac- 
teristic mucilage-secreting  organs,  in 
the  form  of  fissures  of  the  leaf-tip, 
collaters  on  the  leaves,  and  glands 
on  the  steins.  Merker '  found  that 
these  glands  originated  endogenously 
in  the  growing  point  between  each 
pair  of  leaves.  The  mature  glands 
are  covered  only  by  the  epidermis, 
and  when  activity  commences  the 
uppermost  cells  of  the  gland-tip, 
after  swelling,  become  detached  and 
converted  into  slime  (Fig.  320). 
Ultimately  the  epidermis  is  ruptured 
,  ^  tne  pressure  0f  the  slime,  and 

the  remaining  glandular  cells   are   in   turn  rapidly  transformed 

into  the  same  substance. 


Loniji- 

a  through  the  apex  of  a 
,ra  nanUai^     The  punc- 
tated   sputi    Indicate    the    position    of 


tfwlot-colonl™. 


Flo.  3S0.— ffwIocomwmM.  Longitudinal  •ectlona  through  a  gland  in  item  of 
Guwura  nincraphyUa.  f,  Bpldormla ;  I,  slime  canal  ;  ho,  colony  of  Xtulor. 
{After  Merker.) 

The    Nostoc    finds    its    way  into    the    gland    as    soon   as  the 
epidermis    is     broken,    apparently     attracted     there     by     some 
secretion.       Merker  found  that  the   Nostoc  filaments  pass  down 
'Merker,  "  Qamiera  macrophylla,"  Iningnral  Dissertation,  1888. 
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the  slime-canal  into  the  gland  itself,  and  there  occupy  the 
space  left  by  the  glandular  cella  on  their  conversion  into  slime. 
Thence  the  filaments  find  their  way  into  the  intercellular  spaces 
of  the  starch -containing  parenchyma  surrounding  the  gland,  and 
become  closely  applied  to  the  cell-walls.  The  Nostoc  then  bores 
through  or  dissolves  the  cell-wall,  absorbs  the  starch,  and  grows 
.  vigorously  till  it  fills  the  whole  cell.  In  this  manner  the 
Nostoc  spreads  through  the  cortical  parenchyma  of  the  Gunnera, 
stem  from  cell  to  cell.  The  stem  glands  in  course  of  time 
become  inactive  and  the  canal  closes  up,  so  that  the  Nostoc  is 


completely  shut  in.  In  this  condition  it  is  absolutely  de- 
pendent on  nourishment  derived  from  the  host-cells,  and  seems 
to  thrive  on  it.  No  outward  symptoms  of  disease  can  be 
observed  on  Gwmera  with  enclosed  Nostoc,  the  local  destruction 
of  the  cell-contents,  the  loss  of  starch,  and  the  filling  up  of 
the  tissues  with  filaments  of  Nostoc  having  apparently  no 
effect.  The  species  of  Gunnera  have  a  very  short  stem  with 
a  growing  point  hardly  raised  above  the  level  of  the  soil,  so 
that  the  Nostoc  easily  finds  its  way  there.  No  algae  have 
been  found  in  the  petiole  and  lamina  of  the  gigantic  leaves. 
Gunnera  may  easily  be  cultivated  although  it  contains  no 
Nostoc, 

Jonsson '  regards  Nostoc  gunnerae  as  identical  with  N.  puncti- 
'JiimiMin,  Botan.  Nottier,  ISM. 
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forme   (the   earlier   name) ;    he   also   believes   that   it   exists   on 
damp  soil  and  independently  of  Gunnera. 

Anabaena  cycadeanwn  (Reinke).1  [NoBtoc  commune 
(Schneider).1]  The  following  account  of  this  species  is  taken 
from  De  Bary.8  Seedlings  of  Cycade&e  have  a  thick  tap-root 
which  branches  in  the  soil ;  from  the  proximal  end  of  the 
primary  root  a  few  pairs  of  root-branches  grow  up  perpen- 
dicularly, and,  after  forking  once  or  twice,  their  ends  swell  to 
form   tubercles  (Fig.    321).       Similar    clumps  of  forked    twigs 


Flo.  Kt.-A**b<u*a  cgmdeanm.     Section  of.  a.  C;«d-n»t,  w>  in  Fig.  HI  A, 

The  Jfiwioc-fllameulfl  crowd  the  intercellular  «pac«  and  came  eltermtlon  lb  ihrnpe 
and  growth  of  ths  adjacent  cells  u  ihown.    (i.  Tubeuf  deL) 

arise   later  on   other  branches   which    arise   from    the   tap-root 
and  spread  over  the  surface  of  the  ground. 

It  is  into  these  forked  twigs  that  the  Nostoc  makes  its  way 
and  causes  the  following  characteristic  alteration  in  their 
structure.  A  layer  of  parenchyma,  which  in  normal  roots  does 
not  differ  from  the  surrounding  compact  polygonal  tissue,  becomes 
in  attacked  roots  a  definite  zone  round  the  axile  vascular  bundle. 
The  zone  consists  of  parenchymatous  cells  much  elongated  in  one 
direction,  and  with  their  interspaces  filled  with  masses  of  algal 
filaments  (Fig.  322).    In  cross-sections  of  attacked  roots  the  Nostoc 

1  Reinke,  Baton.  Zeitwtg,  1876,  snd  Abhatuttimgtn,  1873, 

1  Schneider,  Botanical  Gazette,  ISM,  p.  25. 

'De  Bary,  Die  Ergclteiruinn  der  Symbtote,  1879,  p.   14. 
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zone  generally  forms  a  circle;  in  longitudinal  section  the  cylinder 
of  blue-green  algae  does  not  extend  quite  up  to  the  growing ' 
point.  According  to  Heinke,  the  alga  penetrates  into  the 
newly-formed  intercellular  spaces  of  the  developing  periblem- 
cortex,  and  remains  confined  to  the  zone  which  it  has  first 
excited  to  increased  growth.  It  is  not  certain  whether  the 
Nostoc  penetrates  only  into  injured  places  or  into  natural 
fissures. 

The  branched  aerial  masses  of  tubercles  on  Cycad-roots  are 
produced  independently  of  the  Nostoc,1  but  their  function  is 
unknown  beyond  a  suggestion  that  they  are  organs  of  respira- 
tion. They  certainly  receive  no  injury  from  invasion  by  the 
Nostoc.  Since  the  Nostoc  lives  completely  cut  off  from  the  outer 
world  and  frequently  in  subterranean  roots,  we  must  assume 
that  it  receives  nourishment  from  the  host. 

Keinke  found  Anabaena  in  roots  of  Cycas,  Cerat.ozamia,  Dwon, 
and  Encepkalartos.' 

Keinke  has  also  found  very  fine  fungal  mycelia  in  the  roots 
of  Cycads.  Schneider  observed  intracellular  bacteria  in  root- 
tubercles  free  from  Nostoc. 

Anabaena  asollae  Strasb.*  This  endophyte  is  never  absent 
from  AzoUa,  neither  A.  caroiiniana  so  much  cultivated  in  hot- 
houses, nor  the  wild  species  found  in  America,  Africa,  Asia, 
and  New  Holland.  The  algal  filaments  are  present  even  in 
the  neighbourhood  of  the  "vegetative  point  and  in  the  closed 
indusia  of  the  sporangia.  They  are,  however,  most  abundant 
in  the  cavities  formed  in  the  epidermis  of  the  fleshy  floating 
leaves.8  The  Anabaena  filaments  do  not  enter  the  cavity  by 
the  opening  found  in  the  completed  structure,  but  find  their 
way  in  during  the  formation  of  the  cavity,  and  probably  influence 
its  development.  As  the  cavity  becomes  filled  with  Anabaena, 
some  cells  of  its  inner  walls  grow  out  as  segmented  branched 
filaments  amongst  the  coils  of  the  alga,  probably  in  consequence 
of  a  stimulus  exerted  by  the  Anabaena. 

No  endophytic  Schizophyceae  are  known  in  the  true  mosses, 

1  Moebiua  (loc.  ril.)  statej  that  the  roots  of  Cy  carta  at  the  Botanic  Garden, 
Heidelberg,  never  contain  Anabaena. 

'Straaburger,  Uebtr  Au/Ua,  Jena,,  1873 ;  alio  Practical  Botany  (Engliah  Edition 
by  Hillhouee,  1889). 

'The  leaves  of  Azolla  are  divided  into  two  parte,  the  upper  fleshy  one  of 
which  tloata  on  the  water,  the  under  membranoat  one  being  submerged. 
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but  several  inhabit  Jlepaticae,  chiefly  species  of  Anthoceros,  Blasia, 
'  Pellia,  Aneura,  Diplolaena,  Sauteria,  and  Riccia. 

Nostcc  lichenoides  Vaueh.1  is  a  common  endopbyte  in  the 
rancilage-cavities  of  Anthoceros  laevis.  The  motile  algal  filaments 
gain  admission  through  the  stomata  or  mucilage-fissures  on  the 
lower  side  of  the  thallus.  Only  one  filament  is  admitted  into 
each  cavity,  then  the  opening  ia  closed  by  an  increased  turgescence 
and  growth  of  the  guard-cells ;  the  imprisoned  Nostoc  multiplies 
to  form  a  colony. 

Leitgeb  states  that  after  infection  has  successfully  taken  place, 
and  frequently  before   the   stoma   has  quite   closed,  the  guard- 


irnu  aallM.    Longitudinal  section  through  the  pi 
[  Azolla  m™/utin»a.    The  cavity  in  filled  with  Jfoii 


HDd  septate  Lain. 

1,  A  aeptute  hair,  and  s  filament  of  Antibwxil-     (t.  Tubcuf  del.) 

cells  divide  and  ultimately  form  a  three-layered  covering  of 
cells  over  the  intercellular  space.  Simultaneously  all  the  thallus- 
cells  round  the  infected  cavity  undergo  radial  division  and  grow 
into  the  cavity,  first  as  papillae,  then  as  much-branched  and 
septate  tubes  of  various  lengths ;  the  space  left  between  them 
becomes  meanwhile  filled  with  the  Nostoc.  In  the  case  of 
Anthoceros  laevis   the   tubes  form   a  kind  of  pseudoparenchyma 

1  Bibliography :  J&nczewiki,  Botan.  Ztitiauj,  1872,  and  Anntdtt  d.  net. 
natur.,  Ser.  S,  xvr.  Milde,  Botan.  Zeitusig,  1851.  LeH^eb,  Akademied.  WUstn- 
Kchaften  in  Wien,  1878  ;  alio  Unlerruchungen  tiber  Lebermoote,  I.  Goebel,  "  Die 
MuBoineen,"  in  Schenk's  Handfmch  d.   Botanik,  1882. 
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with  interspaces  filled  with  Nostoc.  If  other  algae,  e.g.  Oscillaria, 
enter  the  cavities,  the  opening  is  neither  closed  nor  do  the  walls 
grow  out  as  processes.  Infection  by  Nostoc  only  occurs  when 
the  mucilage-cavities  lie  near  the  apex  of  the  thallus  and  are 
secreting  mucilage,  the  substance  which  evidently  stimulates  the 
Nostoc  to  enter. 

Leitgeb  found  many  Anthoceroteae  (Dendroceros,  Nototylas, 
Anthoceros)  with  mucilage -cavities  containing  Nostoc,  not  sunk 
in  the  thallus  as  with  Anthoceros  laevis,  but  forming  warty  pro- 
jections above  it.  In  the  case  of  Dendroccros  these  occurred  on 
the  upper  side  of  the  thallus  as  well  as  on  the  lower.  The 
openings  of  the  cavities  of  Notothylas  do  not  close  after  infection, 
but  distinctly -open  wider. 

Janczewski  observed  that  chlorophyllous  cells  of  Hepaticae, 
though  at  first  uninfluenced  by  the  intruding  alga,  afterwards 
lose  their  chlorophyll  and  plasma ;  hence  he  assumed  that  the 
imprisoned  Nostoc  begins  in  time  to  live  a  parasitic  life,  and  to 
kill  the  host-cells.  This,  however,  is  not  supported  by  other 
authorities.  Goehel,  on  the  other  hand,  believes  that  the  Nostoc, 
like  the  mucilage  amongst  which  it  grows,  is  useful  to  the 
thallus,  and  that  it  ultimately  completely  replaces  the  mucilage. 
Prantl  held  that  the  alga  assimilated  free  nitrogen,  giving 
up  the  product  to  the  hairs  in  the  cavity ;  but  this  is  ex- 
tremely unlikely,  especially  when  the  Nostoc  is  completely  enclosed 
in  its  host. 

Nostoc  lichenoides  is  also  very  frequent  in  the  leaf-auricles  on 
the  under  side  of  the  thallus  of  Blasia  pusilla.  The  auricles 
contain  mucilage,  which  probably  induces  the  Nostoc  to  enter.  As 
a  result  of  the  Nostoc  invasion  the  auricle  enlarges  and  continues 
to  live,  whereas  without  this  it  would  soon  have  died  off. 
Branched  filamentous  processes  are  produced  from  the  inner  wall 
of  the  auricle  and  grow  amongst  the  Nostoc.1 

B.  THE  TRUE  ALGAE. 
In  these  Algae  the  green  chlorophyll  is  limited  to  certain 
portions  of  the  plasma,  the  chromatophores.  The  true  Algae 
are  capable  of  sexual  reproduction.  They  are  all  more  or  lees 
adapted  to  an  aquatic  life.  Many  of  them  live  in  symbiosis, 
some  are  true  parasites. 

1  W»ldner,  Akad.  d.   Wimen»ehaficn  in  Wiea,  1878. 
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The  true  Algae  may  be  grouped  as  follows  :  (1)  Gonjitgatac ; 
(2)  Chloraphyeeae ;  (3)  Rkodophyceae ;  (4)  Phaeophyceae ;  (5) 
Gharaeeae. 

Of  these  the  Charaeeae  includes  no  endophytes,  the  Conjugatac, 
Phaeophyceae,  and  Rkodophyceae  only  species  endophytic  in  other 
algae  or  in  animals.  The  Chloropkyceae,  however,  include  a 
large  number  of  species  which  live  as  "  aerial  algae  "  endophytic 
in   Phanerogams,  either  as  shelter-parasites  or  as  true  parasites. 

I.   CHLOROPHYCEAE. 

These  are  divided  into  three  groups:1 

1.  Protococcoideae  including  the  families  Volvocaceac,  Tctra- 
sporaeeae,  Ghlorosphacraceae,  Plenrococcaceae,  Protococcaceae  (Endos- 
phaeraeeae,  Characieae,  Sciadiaceae),  and  Hydrodictyaceae. 

2.  Confervoideae  including  the  families  Ulvaceac,  Ulothrichaeeae, 
Ghaetophoraceae  Mycoideaceae,  Cylindrocapsaceae,  Oedogoniactae, 
Coleochaetaceae,  Cladophoraceae,  Gomontiaceae,  and  Sphaeropleaeeae. 

3.  Siphoneae  including  the  families  Botrydiaceae,  Phyllo- 
siphonaa-ae,  Zterbesiaceae,  Vaucheriaceae,  Bryopsidaceae,  Cauler- 
paceae,  Codiacme,    Valoniaccac  and  Dasydadaceae.. 

Chloroaphaoraceae. 

Chlorosphaera  endophyta  Klebs.  This  is  found  between 
the  living  epidermal  cells  of  Lcmna  minor,  and  produces  there 
spherical  cell-masses  visible  to  the  naked  eye  as  wart-like 
swellings.  According  to  Frank,  this  is  related  to  Eitdoclonivm 
polymorphum  Frank. 

Entophjsa  Charae  Mob.  This  lives  under  the  cuticle  of 
the  epidermal  cell-wall  of  Ghara  Sornemanni  in  Brazil. 

Kndosphaeraceae. 

Most  of  the  species  can  penetrate  into  living  organs,  but  they 
may  also  live  as  saprophytes  or  vegetate  as  independent  organ- 
isms. That  all  the  Endosphaeraceae  are  injurious  to  their  host 
has  not  as  yet  been  proved. 

Chlorochytrium  includes  eight  European  species  all  endophytic 
in  living  plants. 

1  The  UTinRemeiit  used  by  Wille  in  Englcr-Prantl.  nalur.  Pjtanztn-familien. 
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Chlorochytrium  lemnae  (John.1  The  zygozoospores  have 
four  cilia  and  swarm  for  a  short  time  in  water.  On  plants  of 
Lemna  Irisulca,  the  ciliated  end  becomes  applied  to  the  epidermis 
at  the  place  where  two  cells  are  in  contact,  the  zoospore  becomes 
spherical,  forms  a  membrane,  and  comes  to  rest  (Fig.  324).  It 
remains  resting  for  a  day  or  two,  and  assimilates  so  that  a 
starch-grain  is  formed  inside  it.  Next,  a  transparent  process  is 
given  off  which  finds  its  way  between  the  epidermal  cells,  widens 
out,  and  absorbs  the  cell-contents,  while  the  portion  of  the  algal 


F.n.  224.  —  CWorwijririum  Umnat.    a,  b,  r,  Ger. 

FlO.   SO,.— Cktanchftrim 

vmiiiff ;     <■,    discharged    si 
(After  Kloha.) 

dermis  and  between  the  cdlti  of  the  parenchyma. 
A  surface  view  shows  the  germinating  spores 
from  above.    (After  Unhn.) 

cell  remaining  outside  becomes  filled  with  cellulose  and  forms  a 
firm  button-like  process.  The  young  alga  continues  to  make 
its  way  between  the  cells  into  the  intercellular  spaces  of  the 
subepidermal  layers  of  parenchyma,  preferably  taking  up  its 
quarters  in  the  thin  anterior  margin  of  the  thalloid  shoot, 
and  avoiding  the  larger  air-spaces.  The  zoospores  are  formed 
by  repeated  division  of  the  plasma  of  the  original  cell ;  they 
are  enclosed  in  a  gelatinous  mass  which  swells  and  ruptures 
the  membranes  of  the  alga  as  well  as  the  tissue  of  the  Lemna. 

1  Cohn,  Beitragt  zur  Biologic  d.  nierf.  Organvmtn  \  Klebt,  Bolan,  Zeitvng,  1881. 
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The  zoospores  (gametes)  copulate  in  the  gelatinous  mass  which 
escapes,  and  break  out  from  it  as  free  swarming  zygozoospores. 
When  the  Lemna  falls  to  the  bottom  in  autumn,  or  when  it 
dries  up,  the  cells  of  the  alga  become  resting-cells  capable  of 
sustaining  drought.  Plants  of  Lemna  seem  to  be  little 
disturbed  by  attacks  of  the  endophyte,  and  develop  their 
flowers  normally. 

Col.  Kny&num  Kirchn.  Frequents  Lemna  minor  and  L.  ailiba, 
Oeratophyllvm  demersum,  Elodea  canadensis,  but  not  Lemna 
trisulca.  It  forms  zoospores  only,  and  these  on  penetrating 
into  a  host  do  not  produce  a  cellulose  button  like  the  species 
just  described.  They  appear  to  be  able  to  enter  the  host  only 
by  the  stomata. 

Obi  pallidum  Klebs.  Grows  in  the  intercellular  spaces  of 
Lemna  trisulca. 

Chi.  viride  Schroet.  Found  in  the  respiratory  cavity  of 
Rumex  obtusifolius. 

Other  species  occur  in  dead  Phanerogams  or  in  Algae. 

Stomatochytrium  limnan- 
thenmm  Cunningh.  Inhabits 
the  respiratory  cavity  of  leaves 
of  IAmnanthemum  indicum  in 
India. 

Chlorocystis  Cohnii  Keinh. 

■ Occurs  as  a  "  shelter-parasite  " 

,  F,n' sM-*"tf™j^«-"' «™>'» in Petatmgam     in  marine  algae. 

Incnu.    Coll  of  the  Aljra,  which  hu  penetrated  ft 

(Afte* Kit^")ptd8""" "      wookH  p™'10""11''        Scotinosphaera  paradoxa 
Klebs.      Found   between   the 
cells  of  dying  leaves  of  Hypmtm  and  Lem,na  triscida. 

Endosphaera  biennis  Klebs.  The  zygozoospores  have  four 
cilia,  and  swarm  in  water  till  they  reach  a  living  leaf  of 
Potamogeton  lucens.  They  generally  come  to  rest  on  the  under- 
side of  a  leaf  at  the  boundary  wall  between  two  cells,  and 
become  invested  in  a  membrane.  A  process  is  next  sent  in 
between  the  epidermal  cells,  and  all  the  cell-contents  pass  over 
into  it,  the  outer  portion  dying  away.  The  young  alga  now 
makes  its  way  into  the  intercellular  spaceB  of  the  sub-epidermal 
tissue  and  becomes  a  resting  spore.  In  spring  this  spore 
gives  off  biciliate  gametes,  which,  after  copulating,  become 
zygozoospores.     This  shelter-parasite  has  not   yet  been  observed 
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to   have   an   injurious   effect  on  its  host,  beyond  killing  a  few 
isolated  leaves. 

End.  rubra  Schroet.  occurs  in  leaves  of  Mentlia  aquatica  and 
Peplis  Portula. 

Phyllobium  dimorphmn  Klebs.  Found  in  leaves  of  Lysi- 
machia  Nummvlaria,  Ajuga  reptans,  Chlora  serotina,  Erythraea 
Ccntaurium.  This  endophyte  may  either  penetrate  into  living 
leaves  and  there  go  through  its  life-history,  or  it  may  do  so 
in  dead  leaves.  The  zygozoospores  have  only  two  cilia,  and 
enter  the  leaves  chiefly  through  the  stomata  of  the  lower 
Burface.  Inside  the  leaf  they  form  long  filaments,  which  make 
their  way  between  the  elements  into  the  vascular  bundles  of 
the  leaf-ribs,  and  follow  the  course  of  the  spiral  vessels. 
Keating- spores  are  formed,  and 
give  the  veins  of  the  leaf  a 
rosary- like  appearance.  Male 
and  female  gametes  are  pro- 
duced from  the  resting  cells,  and 
copulate  to  form  zygozoospores. 
The  host-plants  are  not  injured 
by  this  endophyte. 


Chaetophoraceae. 

Most  of  the  species  are  aquatic 
algae  which  live  independent  or 
as  epiphytes. 

Endoclonium  polymorphum 
Frank  (see  Chtorospkaera  mdo- 
vhyta  Klebs).     This   form   lives 

r   *       ,  '  membrane  of  a  .peclw  of  A1m<A'c 

endophytic  and  sometimes  intra-     a,  a  young  one-miied  punt  jmtsi 

f    J  .       ,.    .  ,       ,    .  tnUoa  into  the  alga.    S,  Plant  con.,™, 

cellular  m  living  or  dead  leaves     m«s™l  «u.  in  tbs  Mil  of  Atwnu. 

01    LemJia.  .poren,   one  of   which   la   dlachnrgod    »„u 

Entoderms  Wittrockii  Wille    ™° 
occurs  inside  the  wall  of  Ectocarpns  (Fig,  327). 

Periplegmatinm  and  Phaeophila  live  endophytic,  in  living 
algae. 

Trentepohlia  endophytica  (Reinsch).  In  living  cells  and 
intercellular  spaces  of  Jungennanniaceae  fe.g.  Frullania  dilalcUa) 
and  kills  them. 


the  algn.    B.  Plant  composed  u( 
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Mycoidaceae, 
Oepbaleuroa      Mycoidca,      Karsten1     (Myeoidm     parasitica, 
Cunning.).1     This  alga  is  epiphytic  on  the  leaves  of  most  trees 
and' shrubs  in  the  tropics.     It  varies  considerably  in  its  appear- 


•taowinj  the  thallm-like  i 

ance,'.but  generally  forms  flattened  thalloid  discs  several  layers 
of  cells  thick  and  attached  firmly  to  leaves  by  means  of  rhizoids 
(Fig.  328).      Hairs  are  produced  from  the  thallus-discs,  especially 


Fio.  S29.-Ctp4alft.nj.  MycoUm.    Section  through  part  of  an  attacked  Leaf  of 

n .-!..    .« ,]  layer  has  been  ruptured,  and  bamtorl*  from  the  algal 

The  dark-ahoiiivd  portion  is  that  killed  by  flie 


»  epidermal  layer  baa  been  ruptured,  and  bauitorlA  froj 
(After  Cunningham. 


the  older  ones ;  in  addition,  sporangial  structures  are  also  developed 
and  give  off  biciliate  swarm-spores.  The  discs  form  a  kind  of 
cuticle  which  becomes  completely  fused  with  that  of  the  leaves. 

1  Karsten,  Annul,  dnjardin.  botan.  rte  Buitenzorg,  Vol.  x.,  1891. 
'Cunningham,   Tram,  of  Linmav  Soe.  of  London,  1880;  H.  M.  Wan)  (itfrm), 
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Where  thiH  occura,  black  patches  are  frequently  formed  so  that 
the  leaves  become  spotted,  but  the  injury  to  the  host-plant  is  by 
no  means  so  severe  as  in  the  following  species. 

Oeph.  parasiticus  Karsten.  This  species  is  common  on  the 
leaves  of  Galaihea  and  Pandanus  at  Buitenzorg.  It  spreads 
through  the  whole  leaf-tissue  blackening  and  killing  it  The 
epidermis  is  blistered  and  its  cells  filled  with  the  alga ;  ultimately 
the  cuticle  is  ruptured  and  the  stalked  sporangia  are  pro- 
duced. The  swarm-Bpores  germinate  in  the  stomatal  cavity, 
or  in  the  adjacent  intercellular  spaces. 

Oeph.  minimus  Karsten  is  parasitic  on  leaves  of  Zixyphus 
Jujvba  at  Buitenzorg.  It  permeates  the  leaf-parenchyma  and 
kills  it,  the  cells  after  death  becoming  completely  occupied 
by  the  alga. 

Phyllosiphonaceae. 

Phyllosiphon  ariaari  Kuhn.1  This  is  a  true  parasite  as  yet 
observed  only  on  Arieantm  vulgare  in  Italy  and  the  South  of 
France.  It  causes  death  of  the  leaves  and  is  frequently  very 
abundant. 

The  thallus  consists  of  unicellular,  non-septate,  much  branched 
filaments  containing  chlorophyll,  and  filling  up  the  intercellular 
spaces  of  the  spongy  parenchyma  of  the  host  The  wall  of 
the  filaments  gives  the  reactions  for  cellulose  and  consists  of  an 
outer  and  a  later-formed  inner  layer,  the  latter  capable  of  swelling 
very  much  to  assist  in  ejaculating  the  spores.  The  chlorophyll 
corpuscles  at  first  contain  no  starch,  only  oil,  which,  however, 
decreases  during  spore-formation,  while  the  starch  increases. 
The  spores  (aplanospores)  are  formed  inside  the  algal  threads, 
and  are  ejected  with  great  force  from  the  extremities  of  filaments 
which  lie  under  stomata,  and  therefore  in  the  position  where  least 
resistance  is  offered  to  the  swelling  inner  wall.  Chlorophyll  is 
not  present  in  the  young  filaments,  but  it  appears  in  the  older 
parts,  especially  about  the  time  of  spore-formation,  and  seems 
to  be  stored  in  the  spores.  The  spores  have  a  nucleus  and 
chlorophyll  disc,  They  germinate  to  a  filament  which  grows 
between  two  epidermal  cells  into  the  intercellular  spaces  of  the 
leaf. 
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Parts  of  the  leaf  and  petiole  inhabited  by  this  alga  appear 
externally  aa  yellow  spots.  Only  one  individual  alga  inhabits 
each  spot,  sending  its  numerous  branches  into  the  intercellular 
spaces.  Attacked  leaf-cells  lose  their  chlorophyll  and  starch, 
the  latter  being  at  first  replaced  by  oil.  The  cells,  however, 
remain  alive  and  turgescent,  even  when  deprived  of  almost 
their  whole  content ;  they  die,  when  spores  are  produced  in  the 
filaments.     Cells  undisturbed  by  the  alga  remain  unaffected.     A 


Artiaruui  itl/art.     A,  Leaf  with  yeUowtoh 
]d  Engler -Pnmtl.) 

single  leaf  may  bear  a  large  number  of  spots,  and  all  the  plants 
of  a  locality  are  generally  attacked.  The  spots  were  found  by 
Just  only  from  December  to  April,  then  they  disappeared, 
indicating  that  the  algal  spores  must  have  a  resting  period 
outside  of  the  Arisarum,  and  return  to  young  plants  again  in 
autumn. 

Phytaphysa  Trenbii  Weber  et  v.  Bosse.     Forms  characteristic 
galls  on  a  species  of  Pilca  in  Java. 

a.   PHAEOPHYCEAE. 
These  algae  live  only  in  other  living  algae,  and  are  not  en- 
dophytic in  higher  plants. 
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Strebkmemopais  irritans  Val.  forms  wart-like  galls  on 
Cyst&sira  opuntiotdes. 

Entonema  grows  between  and  into  the  cells  of  Rkodophyccae 
and  Melanophyceae. 

3.  RHODOPHYCEAE. 
The  Shodophyceae  or  Florideae  occur  endophytic  only  in  other 
algae ;  e.g.  Harveyella  mirabilia  (Reinsch)  vegetates  in  thalli  of 
Rhodomeleae  and  Polysiphoneae,  but  reproduces  itself  outside 
its  host.  Species  of  Ckoreocolax  and  other  genera  have  a  similar 
mode  of  life. 
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abietina,  Phoma, 
ubietiouin,  Aecidium, 

,,  Fuaicoccum, 

abietia,  Cenuigiutn, 
,,      Chryaomyxa, 
„       Lophodermium,  - 
abietia-pectinatae,  Caeoma, 
abrodena,  Mystrosporium, 
abundana,  Aecidium, 
acaciae,  Aecidium,  - 
aceticola,  Phylloaticta, 

„  Taphrina, 
acerina,  Cercospora, 
, ,  Derunatea,  - 
„  Melaamia,  ■ 
„       Taphrina,  - 

i,  Leptothyrium, 
RhytUma, 
«,  Oidium, 
Phleoapora,  - 
Uncinula, 

„         Puccini*, ' 

„  Uromycea, 
actaeae,  Aecidium,  - 
Ac  ti  non  em  a,  - 
acuta tua,  Uromycea, 
adipoaua,  Agaricua, 
adoxae,  Puccinia, 

, ,  Urtilago, 
adutta,  Sclerotinia, 
aduatum,  Colletotricbum, 
aecidioidea,  Melampaora, 
Aecidium- forme. 


asgopodii,  Caeoma,  ■ 
„         Puccinia, 

aegra,  Puocinia, 

aeaculi,  Aecidium,  - 
„       Septoria, 
i)       Taphrina,   • 

affinis,  Theoaphora, 

Agaricineae,    - 

Agaricua, 

aggregata,  Scleredema,  - 


agrimoniae,  Melampaora, 

Uredo, 

agropyri,  Puccinia, 

„        Urocystia, 

agroatidia,  Puccinia, 

albescens,  Didymoapbaeria, 

, ,  Puccinia, 
albida,  Chryaomyxa, 
albidum,  Pbragmidium 
albomacnUta,  Ramularia, 
Albugo  (lee  Cyatopua),  - 
albulenaia,  Puccinia, 
album,  Maatigoaporiam,- 

,,  Microatroma, 
albus,  Polyporua,  - 
nlchemillae,  Coleroa, 

„  Uromycea,    ■ 

Algae,     ... 
alia  matin,  DoaaaamU, 

, ,         Paeudopezixa, 
alliatiun,  Aecidium, 
allii,  Caeoma,  ■ 


Rhixoctoma,  • 
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ftlllorum,  Caeoma,  - 

„  Macroeporiain, 
sJneum,  Laptothyrium,  ■ 
alni,  Frankia,- 

,,     Microapfaaera,- 

,,      Sclera  tioia,      - 

„     Stigmatea, 
slni  glntinoaae,  Taphrins, 
u.Iai  incouae,  Taphrina,  147, 
alnicola,  Ovnlaria,  - 
alpeatre,  Boatrichonema, 
alpina,  Puccinia,     - 

„       Taphrina,    -       147,  1< 
slpinum,  Syncbytrium,  • 
idpiuua,  Urumycee, 
aUinoftrum,  Peronoapora, 
alt*,  Peronoapora,  • 
Alteraaria, 

althaeao.  Coll etotrich  urn, 
althneina,  Cercoapora, 

„  Phylloatiota,  - 

Alveolaria, 
smbiguus,  Uromycea, 
amentorum,  Exoaacua,    ■ 
ampelinnm,  CoUetotrichum, 

,,  Sphaoeloma, 

ampelophagum,  Gloeoaporium, 
amphigennm,  Rhytiama, 
amygdalearam,  Claateroapori 
amygdalinum,  Gloeoaporium, 
amylovoroilB,  Micrococcus, 
Anabaena, 

ancepe,  Leptoephaeria,   • 
anchuaae,  Aecidium, 
Anderaom,  Pnccinia, 
andromedae,  Celeron, 

„  Kiobaaidium, 

,,  Rhytiama,  - 

„  Stigmatoa,  - 

mdropogoniB  aniiulati,  Ustilago, 

„  -tuberculati,  Ustilago, 

anemones,  Saptoria, 
a,         Synchytriuc 
„         Urocyatis, 
mi  emonas  -virgini  an  ae,  Puccinia, 
anjralata,  Cercoapora, 
anguatata,  Puccinia, 


annoaua,  Potyponu, 
annularia,  Puccinia, 
anomala,  Uitilago,  - 
aoomalum.  Synch  ytrium, 
Antennaria,     - 
Anthoetoina,   • 
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antboxanthi,  Puccinia,     ■ 
anthyllidia,  Uromycea,    - 
apii,  Cercoapora, 

„    Phylloatiota,   ■ 
Apioaporiutn,  - 
apocyni,  Aecidium, 

,,         .Septoglneum,     - 
appendicnlatna,  Uromycea, 
aquilegiae,  Aecidium, 
arboreacenB,  Peronoapora, 
arctica,  Melampaora, 

„      Tilletia, 
arctoataphyli,  Eiobasiiiiun),    ■ 
arenariae,  Peronoapora, 

„         Puccinia, 
arenariicola,  Puccinia, 
areola,  Kamnlaria,  - 
argeotata,  Puccinia, 
ari,  Aecidium, 
ari-italici,  Caeoma, 
arins,  Melampaora,, 
arietidae-cyanthae,  Ustilago,  ■ 
ariatolochiae,  Puccinia,   - 
Armillaria, 

annoraciae,  Aacochyta,  - 
,,  Cercoapora,  ■ 

, ,         Ovnlarla, 
,,  Septoria, 

aromaticom,  Septocyliodrium, 
Arthuri,  Peronoapora, 
amndtnaceum,  Helmintboaporium, 

„  Napicladiam 

arundinellae,  Ustilago,    ■ 
Ammnro,  Caeoma,    - 
warina,  Pucoinia,  • 
Aseheraoni&na,  Schintia, 
Aacheraonii,  Kutylonia,  - 
aaciepiadeum,  Cronartium, 
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Ascobolua, 
Aacochyta, 
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Aicoidea, 
Aacomycea, 
Ascomyeetea,  ■ 
Aacoaporn, 
aaparagi,  Cercoepora, 

„  Puccinia, 

aaperatum,  Heteroaporium, 
Aepergillng, 
aaperifolii,  Ovularia, 
iiapidistrac,  Aacochyta, 

uteris,  Puccinia, 

Aatei-oms. 
Asteromidium, 
oaternm,  Aecidium, 
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„  MiuiOBphaera, 

,,         Uromyces, 
aatrantiae,  Fabraea, 
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atragenia,  Puccinia, 
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Anreobaaidium, 
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Auricularieae, 
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, ,         Puccinia, 

i,  Taphrina, 
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Autobaaidiom  y  c  e  tea , 
autumnale,  Rhytiama, 
avenae,  Uatilago,     - 
azalaae,  Eiobasidium, 
azollae,  Anabaena,  - 


baccarum,  Sclerotinia,     -  2l 

bacilligera,  Pasaalora,  -51 

Bacfflua,  ....      532-5: 

baoterioepermnm,  Taphrina,  147, 149,  li 

Bacteria, K 

Bacterium,  •       101,  143,  S34,  5! 

Balaneae,  Periderm  inm, .  -41 

balaameum,  Pe  ride  mi  iuin,  4] 


balsam itae,  Pnccinia, 
bamboa&e,  Neovoeaia, 
barbareae,  Aecidium, 
Barclay  ana,  Neovoeaia, 
Barclayella,     - 
Bardayi,  Pbragmldiuin,  - 
Bardanae,  Aecidium, 
Barge]  linia,     - 
Barya,    - 

Baryannm,  Pythiuin  d 
Baryi,  Puccinia, 
basicola,  Tbielavia, 


Baaidiophora, 

batatas,  Rhizoctouia, 
bataticola,  Phylloeticta, 
Batachiana,  Sclerotinia, 
Behenia,  Uromyces, 
bellidiaatri,  Puccinia, 
Beloniella,, 
berberidia,  Aecidium, 

„  Melaamia, 

,,  Hicrouphaera, 

Berkeley i,  Puccinia, 
betae,  Phoma, 

„       Phylloaticta, 

„      Rhizoctouia, 

„     Uromyoea,  - 

beticola,  Cercoapora, 

betonicae,  Puccinia, 

, ,  Uatilago, 

betulae,  Hormomyia, 

,,       Sclerotinia, 

„       Taphrina, 
betullna,  Dothidella, 

, ,        Melampaora, 

Taphrina,       147,  149,  162,  159 
betulinua,  Polyporua, 
Beyerinckii,  Aacoepora,  - 
,,  Cory  ileum,  ■ 

bicolor,  Entyloma, 
Bidwellii,  Laeatadia, 
biennia,  Endoaphaera, 
biaeptatum,  GymnoHporangiur 
batortae,  Ovularia, 

,,  Peeudopeoza, 

„  Peeudorhytiacna, 

„  Pnccinia, 
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bittortarom,  Uatilago, 
Bivouac,  Unoinula,- 
bliti,  Cyatopna, 
Bloxsmi,  Cercoapora, 
Bolleana,  Cercoapora, 
Boltahauaeri,  Aecochyta, 
borealia,  Exoascua, 

„        Polyporua, 
Boitrichonema, 
Bo  try  tin,  4 

bontelouae-humilis,  Uetilago, 
brachyaporum,  Lophodermium 
Bmcbypaccinia, 
Brandegei,  Aecidiuin, 
braaeicae,  AJternaria, 
„  Asothyta, 

Chytridinm,    - 
, ,         Macroeporinm , 

Olpidium, 
, ,        Plaamodiophora, 
braaaicioola,  Sphaerclla,  - 
Brenita,  - 

brevipea,  UromycM, 
breviua,  Peridermium,    - 
bromivora,  Uatilago, 
Bru  n  u  ho  rat  in,  - 
Rninchoratii,  Frankia,     ■ 
hrunnea,  Ramularia, 
bulborum,  Sclerotina, 
bulboanm,  Phragmidium, 
Bulgaria, 
bullatn,  Puccinia,    - 

„      Tapbrina,  -      148, 160,  I 

„       Uetilago,    • 
bullatum,  Tolyposporinm 
bunii,  Aecidium,     - 

„      Puccinia, 
BuriUiii,  - 

butomi,  Cladochy trium ,  - 
buxi,  "Laeatadia, 
„     Puccinia, 
Byeaottaecinin  circinana,  ■ 


oaealiae,  Uromycea, 

calamagroatidiB,  Tilletia, 
calcca,  Ramularia,  • 
calendula*,  Eutyloma,     - 


calif arnica,  Plaamodiophor 
Calonectria,    - 
Caloapbaeria,  - 
celoepora,  Tilletia,  ■ 
calthae,  PaeudopezUa, 

,,       Puccinia,  ■ 
Caly  ptoapora,  - 
Camaroaporium, 
camellias,  Coryneum, 

Meliola,- 
campanulas,  Coltosporini 
„  M&raonia, 

„  Puccinia, 

cauccllata,  Roestelia, 
Candida,  Peronoepora, 
Candidas,  Cyatopue, 
Candolleana,  Sclerotica, 
Candollci,  Phoma,  - 
caneacena,  Entyloma, 
cannabis,  Saptoria,  - 
capenaiB,  Uatilago,  - 
Capnodium, 

capparitlia,  Cercoaponi,   • 
carbon arinni,  Pbragmidiui 
caprearum,  Melampaora, 
cardui,  Puccinia,     - 

„      Uatilago, 
caricicola,  Puccinia, 
caricia,  Cintractia,  - 

„       Puccinia,     - 

„      Uatilago,    - 


caries,  Tilletia, 
carnea,  Tapbrina,    -        148,  1 
carasola,  Ovularia, - 
carneum,  Myioaporium,  - 
catpinea,  Dertoalea, 
carpini,  Melampaora, 

„       Tapbrina,  -       147,  1. 
Caipoaaci, 

carpophilum,  Clad  OBpori  urn, 
earth  ami,  Puccinia, 
caryogenum,  Fuaicladium, 
caryophyllinua,  Uromycca, 
Caaparyana,  Schinzia, 
caaaandree,  Riohaeidium, 
caatagnei,  Melampaora,  ■ 

,,         Podoephaera,  - 

„  Pnccinia, 
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caatagnei,  Sphaerotheoa, 

caataneae,  Diplodina, 

,,  Septoria, 

catalpac,  Macrospori  unb- 
eaten ulatum,  Entyloma,  - 
caulicola,  Cercoepora, 
cauliuRi,  Melanotaenium, 
ceanothi,  Aecidium, 
cccidomophilns,  Taphrina, 
oedri,  Peridennium, 
cellulicola,  Schinzia  (Naegelii), 
celtidie,  Ramularia, 
celtis,  Taphrina, 
Ceoangium,      ■ 
cencbri,  Tolypoaporium, 
ceataurene,  Aecidium, 

„  Puooioia, 

nephalanthi ,  Aecidium, 
Cephaleuroa,   ■ 
Cephalotheca, 
cepulae,  Urocyatia,  - 
ceraai,  Fnsicladinm, 

„      Puccinia, 

„      Taphrina,      19,  147,  151,  1' 
ceraaina,  Septoria,  ■ 
ceraJtii,  Aecidium,  - 

,,       Melampaorella,  - 
oeraatiorum,  Fabrnea, 
CeratocyatU  fimbriata,    ■ 
Ceratophorum, 
cerealie,  QibelKna,  - 
cerebrum.  Periderm ium, 
Cercoepora,     -        •         ■ 
Ceicoeporella, 

cercoaporoidea,  Cylindroeporii 
Cesatii,  Tuburcinia, 
chaetomium,  Coleroa, 
Chaetophoraueae,     - 
Charrinia, 

cheirantbi,  Cercoapura,    - 
chelidouii,  Caaoma, 
chenopodii,  Fhylloaticta, 
„  Uromycea,    ■ 

Chlorochytrinm, 
Chlorooyutia  Cohnii, 
Cblorophyceae, 
Chloroaphaera  endopbyta, 
Chloroaphae 
Chore  ocolax, 
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chryaantbemi,  Oidium,   - 
„  Septoria,  - 

Cbryaochytriam,     - 
Cbryiromyia,  ■ 
chryaoepleilii,  Entyloina, 
„  Puccinia,  - 

Chryaoapora,  - 
Chytridiaceae, 

ciclioriacearum,  Erysiphc, 
Cicinobolua  Cesatii , 
cicutae,  Puccinia,   - 

einerariae,  Aecidium, 
cinarea,  Botrytia,    ■ 

„       Monilia,     - 
cingena,  Uelanotaenium, 
cingulatum,  Gloeoaporinm, 
cinnabarina,  Ncctria, 
einnamomeua,  Polyporna, 
ciuntimonea,  Derma  tea,  ■ 
Cintractia, 
circaeae,  Aecidium, 

„        Melampaora, 

„        1'uccinia,  - 
circinane,  Coleroa,  - 

„        Leptoephaeria, 
,,        Vermicularia,  - 
circinata,  Uncinula, 
circumacinaa,  Cercoepora, 
ciraii,  Phylloaticta, 

,,      1'uccinia, 
citri,  Capo  odium,    - 

„     Meliola,- 
Cladochytriaceae,    - 
Cladochytrium, 
Cladoaporium, 
dadoaporoidea,  Cercoepora, 
Claeteroaporiam,     • 
clarariacforme,  Gymnosporangiui 
Clavarieae, 

clavelloeum,  Triphragmiam. 
Clavicepe, 

clavipes,  Gymnoeporangium 
claytonnc,  Peronoapora, 
clematidia,  Aecidium, 
Clithrii,  • 

Gocconii,  Tolypoaporium, 
cocbleariae,  Ovularia, 
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coeraleacena,  Taphrina,  148,  160,  154,  1ST 
coiols,  Uatilago, 
colcbioi,  Urocyetis,- 
„        Uromycea, 
Col  eop  hoc  in  in, 
Coleoeporium, 

Colletotrichum, 
Colpoma, 

oalumnare,  Aecidium, 
comiiri,  Ooassanaia, 

communis,  Eryaipbe, 

Taphrina,     147,  151, 
complanatum,  Peridermium,  - 
coupoaitarum,  Aecidium, 
coocentrica,  Pentalozzia, 
condylonema,  Cladoaporium,  - 
con  flu  ens,  Caeoma, 
confuaa,  Taphrina,  ■        ■      147, 
oonfueum,  Gymnoaporanginm, 
congeata,  Gr&phiola, 
conglomerata,  Puccinia,  ■ 
oonglutinata,  Pleoapora,- 
conicum,  Gym  oosporangium,  - 
Coniothccium. 
Coniothyrium, 

conorum,  Aecidium  (Peridenniui 
conaimilb,  Septoria, 
controversa,  Tilletia, 
convallnrioe.  Aecidium,  - 

„  Dendrophoma,    - 

convolvulacearum,  Cyatopua,  - 
con  vol  villi,  Puccini*, 
coralloidet,  Urocystis, 
Cordyceps, 
cornicola,  Phylloaticta, 

„         Septoria, - 
ootnii  oervi,  Taphrina,     29, 147, 
Comuella, 
Cornui,  Peridermium, 

385,  391,  392 
coronata,  Puccinia, - 
coronifera,  Puccinia, 
Corticium  com  ad  en  a, 
ooruaoana,  Peridermium, 
corydalil,  Entyloma, 

„  Peronoepora, 

ooryli,  Gnomoniella, 


coryli,  Mamiuiia,   ■ 
Coryneum,      ....    ail,  491 
Coutnrea, 

Crameri,  Uitilago,  - 
cnutopbilnm,  Entyloma, 
crataegi,  Actinonema,     - 
,,         Septoria,  - 

Taphrina,  147,  150,  153,  166 
eriatatuB,  Uromycea, 
crocoruin,  Rhizoctonia, 
Cronartium, 
omenta,  Uitilago,  • 
Cryptomycea,  - 
Cryptoaporium, 
Cryptoatictia,  - 
Ctenomycea,  .....  138,  170 
cubensia,  Peronoepora,  - 
cueunierinuni,  Cladoeporium,  - 
cncumeria,  Cladosporium, 
„  Hypnochua,  - 
cncurbitacearum,  Phoma, 
Cucurbitaria,  - 
Cucurbitarieae, 
cucurbitula,  Nectria, 
U  n  nnmghatn  ian  um,Gymnoeporangium403 
cupulatum,  Synchytrium 
cyani,  Aeoidium,  ■ 
Cyanophyceae, 
cyoadearum,  Anabaena,  - 
cychuaeneae,  Colletotrichum,  ■ 
oyolaminia,  Septoria, 
Cycloconium,  -  ■  12, 606 

cydoniae,  Hendenonia,  . 

Cylindroaporinm,    - 
cynodontia,  Phyllachora, 
„  Uatilago,      ■ 

cynogloaai,  Peronoepora, - 
cynoabati,  Cryptoatictia, 
oypericola,  Schinzia, 
Cyatopui,  ■  28,  123 

„         hauatoria, 

„         oogonia, 

„         spore-  germ  in  at  iou,  47,  60 

cyatoaiphon,  Pythium,     -         -  117 

cytiai,  Diplodia, 

„      Peronoaporn, 

„     Phylloaticte, 
Cytoapora, 
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Dacromycetea, 
dactyl i dig,  Uromycei, 
Darluca, 
Daayaoypha, 
DecaianeaDa,  Mchroeteria, 
decipiens,  Endomyces, 
„  Synchytrium, 

Taphrina, 

Tttetia,  - 
decotoraoB,  Eiobasidium, 
deformans,  Barclay  clla,  - 

,,         PeridermiuDi, 
„         Taphrina,    147,  1 
„        Uromyces,    • 

Dahnii,  Btloniella,  - 
Deism  trio  a,  Schroateria,  ■ 
Dematieae, 
Demataphora, 
dendriticum,  Kugieladium, 

„  Venturis,    ■ 

Den  drop  homa, 
doriBa,  Plasmopara, 
densiasima,  Mi  troop  ha  era, 
deiitariae,  Puccinia, 

depaztarformiB,  Spbaerella, 

depresaum,  Fuaicladium, 

Dermatea, 

Dermateaceae, 

Dermatella, 

desmodii,  It  a  malaria, 

dontruens,  Agaricua, 

,,         BruDohorstia, 

„         Fuaicladium,  - 

,,         Oidinm, 

,,  Uatilago, 

d«va*t*DB,  Myxosporium, 
devastatrix,  Pbragmidium, 
Diacbora, 

dianthi,  Aacochyta, 
„        Septoria,    - 
,,        Soroaponnm,      ■ 
Diatrypeae,     ■ 
dieentrae,  Aecidiam, 
Dicoccum,        -        -■ 
dictyoapemmm,  Pythium, 
didyma,  Septoria,   ■    *   - 


Didymaria,      ■ 
Didymoaphaeria,     ■ 
bidymoaporium, 

digitalis,  Asoochyta, 

digitariae,  Uatilago, 

digitata,  Schinria,  - 

digraph  idis,  PoccinU, 

Dilophia, 

Dilophotpora, 

Dimerosporinm, 

dioicae,  Pucoinia,    ■ 

Di  orchid  in  m,  • 

Djplodia, 

diplodiella,  Coniotbyru 

Diplodina,       - 

diploapora,  Uatilago, 

Dipodaacua, 

dipaaci,  Peronoepora, 

diacoideum,  Exobasidium, 

Diacomycetes, 

Discosia, 

diacosioidea,  P«ataloma, 

diaperaa,  Puccini*,  • 

ditisaimn,  Nectria,  - 

diveraidena,  Hyrtnum, 


domeatica,  Uatilago, 
Dothidea, 
Dothideaceae, 
Dothidella,      - 
Dothiora, 

Dougtaaii,  Botrytia, 
drabats,  Aecidinm,  • 
„  Pucoinia,  - 
dracontii,  Aocidium, 
dryadaaa,  Polyporus, 
dryadis,  Didymoaphaeria, 
Duriaeana,  Uatilago, 
Dyscomycopsis  rhytisi 


echinata,  Uatilago, 
echi  Datum,  Triphragmium, 
echinu  latum,  Heteroaporinm,- 
Ectrogella,      - 
effbaa,  Peronoapora, 
effuaum,  Fuaieladinm, 
Ehrenbargii,  Soroaporinn 
Elaphomycea,- 
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elatinnm,  Aecidium, 
elfigttDB,  CladoBporium,   - 
Elcutberomycee, 
elliptic*,  Peronoapora,    - 
Ellisii,  Ascoehyta,  - 

„     Entyloma,  - 

,,  G  y  m  nos  jjo  ran  gi  u  m , 
elymi,  Fueemia  (Roetrupia), 
empetri,  Caooma,    - 

, ,        Chryaomyxa, 

,,        Melaamia, 
Rhytiema, 
audi  viae,  Puccini  a,  - 
Endoclonium  polymorpham, 
endogenum,  Melanot&emam, 
EndomyeM, 
Endophyllnm, 
Endoepbi 
Endosphi 
Engelmanni,  Peridermium, 
Englcriaoum,  Aecidium, 

Entoderms  VVittrockii,   - 
Entomophthoreae,  - 
Entomosporinm, 
Entonema, 
Entopbysa  thane,  ■ 


eotorrhiza,  Uatilago, 
entospora,  Raaidiopborn, 
Entyloma, 

ephedras,  Periderm ium, 
Epichloe, 
epidermidii,  IKdymoephueiis, 
epilobii,  Plaamopara, 
„         Ramulnria, 
,,        Septoria,  - 

Sphaerothecs,    - 
epilobii  -tetragonii,  Puccinia, 
cpiphy  lla,  Taptarina,  20, 147, 

Tilletia,  - 
cpiphy  Hum,  Cladosporium, 

epitea,  Melampsora, 

erect.um,  Aecidium, 

Eremaacua, 

Eremothecium, 

ericse,  Hypoderma, 

erigeronatnm,  Aecidium, 

eriobotryae,  Fu  si  clad  ium, 


eriopbori,  Puccinia, 
errabunda,  Phoma, 
ervi,  Uromycea, 
eryogii,  Entyloma,  - 
Eryaiphe, 
Erysipbeae,     - 

„  haustoria, 

„  remedies, 

erysiphoidoi,  Oidiam, 
erythronii,  Uromycea, 
erythrostoma,  Gi 
escnlanta,  Ustilago, 
esculcntum,  Aecidium 
enoDymi,  Caeoma,  - 

„  Microsphaer 

Eupeziniae,      - 
Euphacidieae,  - 
euphorbiae,  Aecadium, 
„  Peronoepora, 

, ,  Uromycea,   - 

enpborbiae-dulcig,  Met  am  psora, 
euphorhiao-sylvaticae,  Endophyili 
euphraaiae,  Coleospor" 
Eu-pucciuia,    ■ 
Enrotium, 

excavatus,  Uromyce*, 
Excipolaceae,  - 
exitioanm,  Polydeamu 

,,  riporidosmium 

Exoaaceae, 

g»» 
Exomcim  (eeo  Taphrioa), 
Exobaaidiaceae, 
Exobuudium,  - 

„  galla, 

exotica,  Septoria,  - 
expanaa,  Puccinia,  - 
externa,  Taphriaa,  - 
extenricola,  Pnccinia, 


fabae,  Uromyeee,    - 

Fabraea, 

fagi,  Phytophthora, 

fagicola,  Actinonoma, 

fallacioaa,  Phyaaloapora, 

farinoea,  Melampaora, 

farinoanm,  Oidium, 

Farlowii,  Taphrina,  .     147,  151,  152,  167 
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fascicular  is,  Botrytia, 
ftackulata,  Taphrina,  : 

fasciculatum,  Fuaicladium, 
Fonestella, 

Fergasaonii,  Pnccinia,     ■ 
feetucae,  Puccinia, 
„       Urocyatia, 
floariae,  Cylindvosporium, 
, ,      PeronoBpora, 
„        Uromyces,  - 
fici,  Uredo, 
ficuum,  Uatilago, 
filamentosum,  Peridermium, 
filioina,  Taplitiiia,  • 
„        Uredinopaia, 
filipendulae,  Oylindrosporiui 
„         Tripbragmium, 
„  Urocyatia, 

tilum,  Darluca, 
fimbria  ta,  Geratocyatia, 
,,        Gnomoniella, 
,,        Mamiania, 
timbrcatum,  Nphaeranema, 
firm*,  Puccini*, 
Fiaeheri,  Entyloma, 
„        Peridermium, 

Tilletia,    - 
,,        Uatilago,  - 
Fistulina  hepatic*,  - 
flaccidum,  Cronartium, 
flammulae,  Cladochytrii 
flava,  Taphrina, 
Florideae, 

floeculorum,  Uitilago, 
foeda,  Cbaetophoma, 
foedum,  Capnodium, 
foliicola,  Hcnduraonia, 
fomontariuB,  Polyporua, 
Fumes  (gee  PoJyporua). 
fragariae,  Aacochyta, 
,,  Sphaerelta, 
f  ragariaatri,  Phragmidii 

fraxini,  Actio  one  ma, 
,,       Aecidium,  - 
,,       Hyaterographiun 
„       Scoiecotrichum, 
„       Septogloenni, 
,,       Septoria,     - 
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fructigena,  M  on  ilia, 
fi'uctigenum,  Gloeoapori 
fruatuloanm,  Sterenm, 
fuoiformli,  Iaaria,   - 
Fuekeliana,  Sclerotinia, 
falgena,  Synchytrinm, 
fnligmofla,  Scleredema, 
fulvum,  Cladoaporinm, 

„         Polyatigma, 

„  Sclerotium, 
fnlvna,  Polyporua,  - 
Fttmago, 

fumariae,  Caeoma,  - 
fumoaua,  Polyporua, 
funerea,  Pestatozzia, 
Fungi,  classification  of, 
Fungi  imperfecti,    - 

fnaca,  Pnccinia, 
fuaco-violacenm,  Sistotrema, 
faacum,  Entyloma, 
fuscua,  Protomycea, 

Fu  aid  allium,  • 
Fusicoccum  abietinum, 
f uniforme,  Phragmidinm, 
Foauporium, 

Fuaoma, 


galanthi,  Sclerotinia, 

galanthina,  Botrytia, 
galeopaidia,  Eryaiphe, 

„  Phylloaticta, 

galii,  Melampsora, 

„      Paocinia, 
ganglioniformia,  Peronoapora, 
Gaateromycetea, 
geicola,  Dtipazoa,      ■ 
geniat&e,  Didymoaphaeria, 

„        Uromycea, 
geniatalia,  Darluca, 
gentian  ae,  Puccinia, 
geographicum,  Aateroma, 
gerauii,  Plaaniopara, 

„       Pnccinia, 

„        Ram  ul  aria, 

„       Uromycea,  - 

,,       Venturia,    - 
Gibbera, 
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Gibberella,      • 

gibberoaa,  Puccinia, 
Gibelliana,  Sphaerella,     - 
Gibelliim, 

giganteum,  Pcridenrnam, 
giliie,  Aecidium, 
,,      Puccinia, 
gilvum,  Lophodennium, 
gitliaginie,  Magnuniella,         1- 
gladioli,  Urocystis, 
glancam,  Peaicillium, 
glechomatia,  Puccinia,    - 
globcaum,  Gymnoaporangiura 

„         Synehytrium, 
Gloeosporiam, 
glomerular,  Tilletia, 
glomeruloanin,  Claateroaporia 
glumsnim,  Puccinia, 
Uredo,  ■ 
glycyrrhbjui,  Uromycea, 

Gnomoniella,  - 
Goeldiana,  Eamulsria,     - 
Goeppertiana,  Calyptoipoxa, 
„  Melampnora, 

, ,  Uatilago, 

gongcogeua,  Diplodia, 

„  Peatalozzia, 

goaaypii,  Coll  etotric  hum, 

Uredo,      - 
goaaypina,  Cercospora,    ■ 
„         Sphaerella,     - 
graoile,  Helminthcwporium, 
„       Phragmidium, 
„       Pythiom,    • 
gramineum,  Helminthoepork 
grammicola,  Aacochyta, 
„  Scleroapora, 

graminicolum,  Exobaaidinrn, 
graminii,  Dilophia, 
„         Dilophoapora, 
,,         Eryaiphe, 
„         Opbiobolua, 
, ,         Phyllachora, 
,,         Puccinia, 
„         Scolecotrichum, 
gnuninam,  Septoria, 
„         Typhula, 
grammica,  Uatilago, 


grandia,  Uatilago,   - 
Graph  iola, 
griaea,  Peronoapora, 
griaeola,  Iaariopaia, 
groBBulariac,  Aecidium,  - 

„  Microephaera, 

„         PbylloeticU, 
Guarinonii,  Microephaera, 
Guepini,  PestaJozaia, 
gunnerae,  Noatoc,  - 
guttata,  Phyllactinia, 

Gytnnoascna,  ■ 
Gymnoaporangium,     48,  51,  74,  33 

„  deformations, 


Halstedii,  Plaamopara,  ■ 
Harkneasii,  Periderminm, 
Hartigianum,  Septogloeum, 
Hartigii,  M  clam  psora, 

,,       Pestslozzia, 

„       Polypodia, 
Harvey  el  la  mirabilia, 
hederae,  Septoria,   - 
hedericola,  Sphaerella, 
hedyaari-obacuri,  Uromycea,  - 
helianthi,  Aecidium, 

„         Puccinia, 
Helicobasidium, 
helioacopiae,  Melampaora, 
hellebori,  Bamularia, 
Helminthoaporium , 
hcloaciadii,  Enty Ionia, 
Helotieae, 
Helvellaceae,  - 
helvetica,  Puccinia, 
Hemibaaidii,  - 
Hemileia, 
Hemipuccinia, 
Heudersonia,  - 
Hennebergii,  Phoma, 
hepatic*,  Futulina, 
hepaticae,  Aecidium, 
herbarum,  CUdoaporium, 
Herpotrichia,  - 
herpotrichoidea,  Leptoaphae 
heBperldearora,  Pleoapora, 
Heteropuccinia, 


db,  Google 


I.    INDEX    OF  PARASITES. 


hatarogsnea,  Puccini*, 

360 

impatientis,  Depazea, 

465 

heteroica,  Sclerotinia, 

263 

impreaanm,  Asteroma,    .        -        - 

470 

Heteroaphaeria, 

249 

inaequale,  Fnaoma, 

505 

HeteroBporinm, 

615 

infeatans,  Phytophthora, 

■  H9 

beteroaporinm,  Fuuriam 

520 

inflata,  Rbiiina,                        - 

273 

heteroaporum,  SsptoBpor 

518 

inqainauB,  Bulgaria, 

253 

hieracii,  Puccinia,  ■ 

353 

„          Pestalozzia, 

494 

liimalayenain,  Chrysomy 

370 

inaidienB,  Pestalozzia, 

494 

hippuridia,  Aecidium, 

336 

inaititiac,  Taphfina,        147,  151,  15, 

,  164 

birautnm,  Stereum, 

429 

intermedia,  Doaaaanaia,  • 

324 

hi  ran  tun,  Polypodia, 

452 

„          Uatilago, 

295 

hispidus,  Polyporua, 

444 

intermedium,  Pythinm,  - 

117 

Holboelli,  I'nccinia, 

359 

iiitentitialia,  Ovolaria,   - 

500 

boloatei,  Uatilago,  - 

297 

„           Puccinia,    - 

341 

horde  i,  Horraodendron, 

605 

innlae,  Coleosporiutn, 

376 

„      TilletU,      - 

310 

ipomocae,  Coleoaporium, 

377 

„      Uatilago,    ■ 

288 

„           Nectria, 

189 

Hormodendron, 

505 

„         Puccinia, 

356 

hottoni&e,  Doaaaanaia, 

324 

ipomoearum,  Vermicularia,    - 

471 

hyacinthi,  liacilhn, 

638 

ipomoeae- panda  ranae,  Cyatopua, 

127 

„          Pleoapora, 

221 

iridia,  Aecidiiim,      ... 

411 

liyalina,  Thccaphora, 

324 

„      Cladochytrinm,     - 

114 

Hydnene, 

431 

„      Puccinia, 

355 

II  yd  num. 

431. 

„      Uredo,- 

420 

hydvangeae,  Septoria, 

478 

Irmiachiae,  Paipslopaia,  - 

322 

hy  drop  i  peri  a,  Sph  ace  loth  eca. 

302 

Iaaria, 

519 

Hymenomycetes,     - 

422 

laariopsia,                ... 

510 

hyoacyami,  Peronoapora, 

134 

iachaemi,  Uatilago, 

292 

hype  Hco  ram,  MeUiupaora, 

370 

italica,  Urocyatia,   • 

319 

Hypbomycetes, 

4W> 

italicnm,  Penicillinm, 

ISO 

Hypnochaceae, 

428 

Hy  pooch  us,     ■ 

428 

J 

Hypoereaceae, 

184 

Hypoderma,   - 
Hypodormieae, 

233 

Jameaianum,  Aocidram,  - 

411 

-    233 

Jenaeni,  Uatilago,   ■ 

288 

Hypodermella, 

234 

Johanaonii,  Taphrina,   147,  150,  1 

2,  157 

hypodytra,  Uatilago, 

-    293 

„          Urocyatia,    • 

319 

bypogaea,  Niptcra, 

-     254 

juglandinnm,  Cladoaporium,  - 

510 

Hypomyces,    - 

-      184 

jnglandia,  Maraonia, 

491 

hypophyllum,  Cladosporiuni, 
Hysteriaceae,  - 
Hynteriiieaa,   - 

-  511 

-  232 

„         Microatroma,  - 

junti,  Puccinia, 

497 
354 

-    232 

„      Tolyposporinm, 

305 

Hyiterinro,     - 

-    237 

,,      Urooyati*,     - 

319 

Hyaterogr&pbium,  - 

232 

„       Uromyoes, 

336 

juncicolum,  Rbytiama,    - 

-     246 

juniperi,  Clithria,    - 

248 

I 

„          Stigmatea, 

-     211 

igniarina,  Polyporui,               35,  433,  441 

janiperinnm,  Oymnosporangiuro, 

■     391 

™ 

uum 

447 

,,           Lophodertnium,  - 

-     240 
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Kaufman  ilia  nil,  Peziza, 
kentiau,  Colletotrichuni, 
Kerneri,  Sclerotinia, 
Klebahni,  Periderm i am, 
Kmetiaua,  Urocyttis, 
kiinutine,  Peronoapora, 
Knynuurn,  Chlorochytrh 
Koebii,  Strickeria,  - 
Kolacxekii,  Ustilago, 
Kolleri,  UatiUgo,    ■ 
Koordersiana,  Uatilago, 
Kriegerianuni,  Cladochytl 
Kruchii,  Taphrin*,- 
Kuhneana,  Ustilago 


LabrelU,- 

laborni,  Cucurbitaria, 
,,       Physalosipora, 
Uceiannm,  Phragmidium, 
laoerata,  Roeatelia, 
Lachnella, 

lacmiata,  Thelephora 
lactea,  Ovularia, 
lactucae,  Bremia, 
LaeaUdia, 

1  actum,  Synchytiium 
laevigatas,  Polyporni 
laevis,  Tilletia, 
Lagenarium,  Colletotrichum. 
Lager heimii,  Lenconoatoc, 

„  Ustilago, 

lamii,  Ovularia, 
lampnaiiae,  Puccini  a, 
„         Ramularia, 

laneola,  Mynosporium, 
lappunicns,  Uromyaes, 
laricina,  Sphaerella, 
laricinum,  Leptoairoma 

laricia,  Citomi, 

„       Huteroeporium, 
„      Hyporfermella, 
Laaiobotrya,    - 
lathyri,  Thecapfaor*., 
lathy  rinum,  Dicoccum, 
Laurencia,  Taphrina, 
Unreolae,  Sphaerella, 


lanri,  Eiohasidium, 
ledi,  Chrysomyxa,  . 

„    Bxobasidinm,  - 

,,     Sclerotica, 
legumiuoaartim,  Rhizobiam,    - 
Leimbaehii,  Urocyatis,    - 
lcinnae,   CMorochytriam, 
Cornuella,  - 
„        Olpidium,  - 
lapidii,  Aecidinm,    - 
lepigoni,  Cyatopna,  - 
leproidea,  Oedomycea, 
leproiduni,  Entyloma,     . 
Leptopnecinia, 
leptoapenna,  Peronoapora, 
Leptoaphaeria, .... 
Liiptost.ro  ma,  .... 
Leptoatromaceae,    - 
leptoatromiforme,  Cryptoaporinm,  - 
Leptothyriam, 
Letendraea,     ... 
leueaotheini,  Aecidium,  - 
„  Puccini* ,    - 

Leucochytrinnj, 
leacogoniuni,  Oidium, 


kucoBpermnm,  Aecidium, 
lichenoides,  Nostoc, 
liguatri,  Aecidium,  - 

„       Caeoma, 
liliacearum,  Puccinia, 
limbalie,  Phy lloaticta, 
limonii,  Uromyces,- 
limonia,  Fuaarium,  - 
limoaae,  Puccinia,   - 
Hmoaellae,  Doaaaanaia,    - 
lin  arias,  Ectyloma,- 

„        Peronoapora, 
Lindenrathiaimm,  Colletotrichum,  ■ 
HneoUtuB,  Uromycea, 
Linhartiana,  Monilia, 
lini,  Melam  psora,     - 
„     Peronoapora,    • 
lolii,  Tilletia,  ... 
longipea,  Taphrina,-        -      U 
longissima,  Phoma,- 

„         Sphaerella, 
, ,         Uatilago, 
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lonicerae,  Laaiobotrys, 

,,        Microaphaera,- 
lophanti,  Perouoapora, 
lophioatomoidea,  Photua, 
Lophoderminm, 
locillae,  Sphaerella, 
Ludwigii,  Saccharomycea, 
luminatum,  C&eoma, 
lupini,  Uromycea,    - 

,  Taptarina  (: 


lozulae,  Urocystis,  - 
„  Uatilago,  - 
lychnicola,  Ovnlaria, 
lychnidia,  Septoria, 
lycii,  Micrcopkaora, 
lyooperaici,  Coiletol  rich  urn, 

„  Fusarium, 

„  Septoria, 

lyeopi,  Aecidium,   ■ 

M 

maorocarpum,  Cladosporium, 

macro  pus,  Gymnoaporangium 

macroaora,  Uredo,  - 

Marroaporium, 

macroapomm,  Aecidium, 
„  Hysierium, 

, ,  Lophoderminm 

macrosponia,  Protomycea, 

macnlaeformis,  Ventoria, 

maculana,  Aacochyta, 

msculsrc,  Aateroma, 

maculatam,  Entomoaporinm, 

maculiformig,  Laest.adia, 

„  Phyllosticta, 

Magelhaeoieum,  Aecidium, 

Magnuaia, 

jMagnuaiana,  Puccinia,    - 
Magnugiell*  (sec  Taphrina),  146,  1 
Magnusii,  Endomycea, 

„  Kntyloma, 

„         Puccinia, 
major,  Uatilago, 


malornm,  Sphasropais,    - 
malvacearum,  l'homa,     - 

„  Puccinia, 

malvamm,  Cercoopora,   - 


mal varum,  Colletotrichnm, 
malvicola,  Ascochyta, 
Mamiania, 

main  mil  lata,  Puccinia, 
Mareonii,  Dendraphoma, 
marginalia,  Uatilago, 
marginatns,  Polyporua,  - 
Mariae-Wilsoni,  Aecidium, 
maiitimua,  Uromycea, 
Maraonia, 

Martianoffiana,  Doaaaanaia, 
martii,  Eryaipbe, 

Maatigosporinm, 
maxima,  Tuberculins,     ■ 
maximua,  Cryptomyces, 
maydia,  Puccinia,  - 
,,     Uatilago,    ■ 
megalospora,  Sclerotinia, 
Melampaora,   - 
Melampeoretla, 
meiampyri,  Aecidium,    - 
„  Coleoaporium, 

Mel  an  conl  deae, 
Melanconieae, 
melangeae,  Gloeoaporium, 
melanogramma,  Schizonella, 
Melanomeae, 
Melanoapora, 
Mela 
Melaamia, 
Meliola, 
malleus,  Agarir 
melophthc 
menthae,  Puccinia, 
me  ii  y  an  this,  Cladochytrium 
mercurialU,  Caeoma, 

„  Synchytrium, 

Meruliua  lacrymana, 
Meaochytrium, 
meapili,  Entomosporium, 

, ,       Morthiera, 

,,       Stigmatea, 
meapilinum,  Oidium, 
metuliapora,  Ascochyta,  - 
microcephala,  Clavicepa, 
microchaeta,  Vermicularia, 


48,  c 


366,  367,  419 


Micropuccinia, 
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microaora,  Puccinia, 
microspenna,  Paaaalora, 
Microaphaem, 
microsporum,  Eutyloma, 
Mi  Croat  roma, 
Micrathyrium, 
millefolii,  Puccinia, 
minimus,  Cephaleuroa,    - 
minor,  Tapbrina,    -      147, 

„      Uromycea,  - 
minus,  Cylindroaporium, 
mirabilia,  Taphrina, 
mkabiliaaima,  Puccinia,  ■ 
mixta,  Melampaoia, 
modestum,  Boetrichonama, 
moliniae,  Neovoaaia, 

,,       Puccinia, 
Mnlleri,  Uetilago,   - 
mollis,  Polyporna,  - 
Molliaia, 
Molliaieae, 
Mom  pa,  Helicobaaidium, 

monilioidea,  Oidium, 
monoicum,  Aecidiam, 
Monoapora, 

monotropae,  Urocyatia,  - 
man  tana,  Puccinia, 
morbosa,  Plowrightia, 
mod,  Bacterium,     • 

„    Cladoohytrium,      - 

„     Phleospora,    - 

„    Septogloeum, 

„     Sphaerella,     - 
moricola,  Gibberelk, 
mors  iivae,  Sphae.ro  theca, 
Morthieri,  Molliaia, 
,,  Pucoinia, 

Mucedineae,   ■ 
Muoor,    - 
Muelleri,  Uredo, 
mutila,  Do  thiol  a, 
Mycoidaceae, 
My  co  idea, 
Mycoidoa,  Cephaleuroa,  - 
My  corny  cetea,- 
myoaotidia,  Aecidium,    - 
„  Peronoapora, 

,,  Synchybrium, 


myrtillina,  Podoaphaera, 
Myatroaporium, 
Myxomycetea, 
Myxoeporlum, 

N 


Naegelia, 

Naevia  piniperda,   ■ 
nana,  Taphrina,      -       147,  140,  153,  161 
napi,  Pleoapora, 
Napicladinm,  - 
necana,  Ovularia, 
neoator,  Oloeoaporinm,   • 
neoatrix,  Dematopbora,  - 
Nectria,  ■ 
Nectriella, 
Xsctroideae,    - 
neglect*,  Uetilago,  ■ 
nelana,  Ovularia,      ■ 
nemoralia,  Puccinia, 
Neovoaaia, 

nepalenao,  Phragmidium, 
neriella,  Cercoapora, 
nerviaequiam,  Gloeoaporiu 
,,  Lophodermi 

nicotiajiaa,  Aacochyta,     - 
nidus-avis,  Uymnoaporangium 
Nieaslii,  Doaaaanaia, 

, ,       Spbaerotheca,    - 
nigra,  Herpotrichia, 
nigricans,  Clavicepa, 
„      Polyporna,    ■ 
nigricantium,  Macrosporiun 
□igro-maculana,  Saptoria, 
Niptera, 
nitenB,  Caaoma, 
nivea,  Plaamopara, 
nobile,  Maoroaporiura, 
Noatoo,   - 
nuda,  Uat.ilngo, 
nymphaeae,  Entyloma,   - 
nympbaeotdea,  Aecidium, 


obducena,  Plaamopara, 
obliqna,  Ovularia,   ■ 
oblongata,  Puccinia, 
oblongisporium,  Periderm  ium, 
obacura,  Puccinia,  - 
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obecurum,  Polyatigma,   - 
obtusa,  Pnccinia,     - 
Occulta,  Doa&aansia. 
,,       Urocystie,  - 
ochraceum,  Poly  stigma, 
Oohroepora, 

octoloculare,  Phragmidk 
Oenotheras,  Aecidium, 
,,  Puccini*, 

officinalis,  I'olyporus, 
Oidium,  - 
oleae.  Bacillus, 
oleaginittn,  Cycloconium, 
Olaina,    .... 
ulida,  Tilletia, 
oligochaetuin,  Coiletotrichnm, 
olivacea,  Uatilago,  ■ 
olivaceum,  Pemcillium,  ■ 
Olpidiaceae,    - 
Olpidiopsia,      - 
Olpidium, 

otnnivora,  Phytophthora, 
onobrychidis,  A  (iridium, 
,,  Diacbora,  ■ 

Oomycee, 
Oomyeeten, 

Opbioliului, 

orchidia,  Cacoma,     ■ 

oreophila,  Sclerotinia, 

oreoselini,  Pnccinia, 

orientals,  Periderm  htm,  - 

ornamentals,  Aecidium, 

oroitliogali,  Heteroaporium 
„  Urocyatia,    - 

,,  Uromycee,  - 

,,  Uatilago, 

orob&nches,  Urocyatia,    ■ 

orobi,  Uromycei,     - 

oryzae,  Pirieularia, 
,,       Sclerotium,  ' 

Tilletia, 
, ,       Uatilaginoidea,   - 

OBStfragi,  Entylcma, 

oatryae,  Taphrina, 

O  velaria, 

oxyacanthao,  Pbleospora, 
„  Podoaphaera, 

oxybaphi,  Peronoapora,  • 


oxycocci,  Exobaaidium, 

,,  Sclera  tinia, 
oxyriae,  Pnccinia,  - 
oiystoma,  Valaa,    - 


pachydermia,  Protomycea, 
padi,  Asteroma, 
,,    Cylindroaporium, 
„      M  clam  psora,  - 
„    Sclerotinia,     - 
Paipalupaia, 
pal  i  form  in,  Pnccinia, 
palleacena,  Thecaphoia 
pallidum,  Chlorochytri 
pallid  tit,  Uromycea, 
pallor,  AacochyU,  ■ 
paludoea,  Pnccinia, 
pan  dan  i,  Melanconinm, 

pojiici-fnimeotacci,  Uatilago, 
, ,     -lencophaei,  „ 

pannoaa,  Sphaerotheca,  - 

papil latum,  Phragmirtjiim, 
„  Synch  ytrium, 

parasitica,  Botrytia, 
, ,  Mycoidea, 

„         Pernnoepont,  • 
, ,  Septoria, 

„  Tetramyxa,    - 

, ,         Trichosphae  ria, 

parasiticum,  Fuaoma, 

parasiticua,  Cephaleuroe, 

paridie,  Pnccinia,    - 

i'arlatoroi,  Uatilago, 

parnaaaiae,  Aecidium, 
„  Uromycea,     - 

paapalua-ditatati,  Uatilago, 

Paasalora, 

pastinaeae,  Cercoaporella, 

Patella,  Heteroaphaeria,- 

Paznchkei,  Pnccinia, 

Peekiana,  Pnccinia, 

Peckii,  Aeeidicm,  - 
"„  Exobaaidium, 
„        Peridermium, 

pedicillata,  Thelephora,  - 

pedicularia,  Aecidium, 
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Pellicular]  &, 

penicilUrUe,  Ttilypoaporium,  - 

peaicillata,  jRoeatelia, 

Penicilfium,     - 

pentaatemunia,  Aecidium, 

Pouzlgi,  Meliola,     • 

perdu,  Thelephoia, 

perenoana,  Uattlago, 

periclymeni,  Aecidiun 

„  Aflcoehyta,  - 

„  Lsptothyriur 

Peridermium,  • 

Pcriphlegmatiuu 

Periaporiaceae, 

Periaporieae,  - 

Perisporium,   - 

Peronoepora,  ■ 

Perunoaporeae, 

,,  remediaa, 

perplex*  rie,  Puccinia, 

peraicaa,  Cercoapora, 
,,        Cercoaporella,  - 
Phylloaticta, 

peraicina,  Tuberculins,   ■ 

peraistena,  Puccinia, 

Peraonii,  Quaternaria, 

PetUlozzia,     - 

Peatalozziua,  - 

petasitidia,  Colerua, 

Peteraii,  Aecidium, 

petroaelini,  Sep  tori  a, 

Pezicola  (ace  Dennatea),- 

Pezizeae, 
Phacidiaceae,  - 
phacidioiden,  SphaeroDema, 
Phacidium, 
Phaeophila, 
Phaeophyceae, 
Phakoapora,    - 
pbalaridia,  Puccinia, 
phaaeoli,  PhytophthorE 

„        Uromyoea, 
phaseolioa,  Phylloaticta, 
phillyreae,  Aecldium, 

Uredo,  . 
phlei-pmtenaia,  Puccinia, 
Phleoapora,     ■ 
Phoenicia,  Graphiola, 


phoenicis,  Peataloizia,      • 

494 

Pholiota  =  AgaricuH. 

Phoina, 

465 

phomoidea,  Gloeoaporium, 

4S3 

Phragmidiam, 

362 

phragmitia,  Puccinia, 

349 

Phy  corny  catea, 

106 

Phyllachora,  -         -        -        - 

329 

Phyllactinia,   - 

178 

Phyllobium  dimorpbum,- 

551 

Phylloaiphon  ariaari, 

553 

Phylloaticta,   - 

463 

Phyaaloapora,- 

217 

Phyaoderma,  ■ 

114 

Phytaphyaa  Treubii, 

554 

phyteumatiim,  Uromycea, 

338 

Phytomyxa,    ....     10 

,  524 

Phytophthora, 

117 

piceae,  Chryaomyra, 

380 

,,       Peridermium, 

417 

picipea,  Polypodia, - 

452 

picridia,  Entylnma, 

312 

„        Puccinia,  ■ 

355 

Piggotia  aatroidea,  - 

230 

Pilacreac,         .... 

421 

pilifieum,  Synohytrium,  - 

HI 

pimpinellae,  Puccinia,     - 

340 

,,           Thecaphora, 

325 

pinaatrella,  Phonta, 

468 

piiiastri,  Lophorierminm, 

235 

pinguicolae,  Uatilago,      - 

207 

pini,  Bruncboratia, 

481 

,,     Lachnella, 

272 

„    Peridermium,          -        .41 

1,  416 

„    Tmmetea,       ...      8 

8,  453 

pinicola,  Hypodonna, 

234 

,,      Polyporoa, 

449 

pinitorquum,  Caeonia,     • 

364 

pinophilura,  Apioaporium, 

181 

pipe  latum,  Gloeoaporium, 

483 

Piptocephalia, 

11 

pirata,  Roestelin,    -         ■        ■     31 

,402 

plricola.  Septoria,    - 

476 

Piricnlaria,     .... 

503 

piriforme,  Peridermium, 

414 

piriformis,  Mticor,  ■ 

180 

pirina,  Phylloaticta, 

463 

piriuuiu,  Fusicladium,     ■              21 

8,  507 

,,        Venturia, 

218 
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piiolae,  Chiyaomyia, 

-    380 

populi  na,  Dldymoephaeria,      ■    21 

i,  249 

„        Me  lam  psora, 

•    370 

„        Melampaora,   ■ 

387 

piaaua,  Anthoatomalla, 

.    226 

Poria  =  Poly  pome. 

pin,  Aacocbyta, 

-    472 

porri,  Puccinia., 

341 

, ,    Cladoaporium, 

-    510 

portulacae,  CyatopuB, 

127 

„    Uvomyce*, 

-    334 

poatnma,  Pezita,    ■ 

268 

pithya,  Phoma, 

-    466 

potentillae,  Coleroa, 

195 

pityophila,  Cuourbitaria, 

-    210 

i,          Magnuaiella, 

148 

Placoaphaeria, 

-    471 

,,          Maraonia,                    1! 

5,  491 

plantaginia,  Aecidium, 

-     411 

„            Peronospora, 

134 

,,            Kauiularia, 

-    502 

„          Phragmidiam, 

363 

Plaatnodiopbora,     - 

•    524 

„          Taphrina,     ■      148,  15 

1,  154 

Plaamopara,    • 

-     127 

praecox,  Foaicladium, 

508 

platani,  Feneatella, 

-    229 

pratenaia,  Ramalarla, 

502 

i,       Fuaarinm,  • 

■     184 

prsnanthia,  Puccinia, 

340 

Pleolpidiam,    - 

-     107 

primulae,  Puccinia, 

341 

Pleonectria,    - 

-     184 

„        Uromycea, 

334 

Pleoapora, 

-     221,511 

primulana,  Ovularia, 

500 

Pleosporeae,    - 

-       -    217 

primnlicola,  Phylloaticta, 

465 

Pleotracbelua, 

13,  25,  28,  107 

„           Tuburcinia, 

321 

Flowrightia,   - 

-     230 

princepa,  Caloaphaeria,   ■ 

22fi 

Plowrightii,  Peridermiu 

n,      -     376, 414 

Priugaheimiana,  Puccinia, 

350 

plumbea,  Uatilago, 

-    299 

proeminena,  UromyceR,  • 

337 

poae,  Uromyuea, 

-    336 

profnaa,  Aglaoapora, 

229 

poarum,  Puccinia,  - 

-    348 

profusum,  Septogloeum, 

496 

podagrariae,  Actinouem 

,       •        -    474 

proaerpinaoae,  Aecidium, 

410 

»           Phyllachor 

»,       -        -    229 

Proati,  Puccinia,     - 

359 

Podioaoma  j limped, 

-    465 

Protobaaid  iomy  cete». 

421 

Podooapaa, 

-     138 

Protomycea,    -        -        .        -  7,  '• 

1,  138 

podophylli,  Phyllosticta 

-    465 

pruinoaa,  Ramularia, 

502 

Podoaphaer*,  - 

•     174 

„        Sphaerotheca, 

174 

polemonii,  Aecidium, 

-    411 

prunaatri,  Dermatclln, 

252 

pnlygoni,  Peronoaponi, 

.     135 

„         Uncinula, 

178 

, ,         Puccini  a, 

-     355 

prunallae,  Aecidium, 

410 

, ,        Uromycea, 

■    334 

„         Aateroma, 

470 

polygonorum,  Stigmatea 

-        -    211 

prani,  Puccinia, 

355 

polymorphs.,  Bulgaria, 

•    253 

„     Taphrina,     -                147,  1 

51-154 

poly  pod  ii,  SpWrella, 

-    215 

pninicola,  Didyinaria, 

501 

Uredo,    - 

■    420 

„          Phylloaticta,  • 

463 

Polyporeas,      ■ 

5,  6,  17,  433 

paeudocenuua,  Kxoaacua, 

164 

,,          action  on  ate 

ireh,  -        -      34 

paeudocolumnare,  Aeoidinm,  - 

409 

,,            remedies, 

70,  72 

Paeudocomniis, 

529 

Polyponu, 

.    433 

paendoigniariua,  Polyporna,     - 

440 

polyspora,  Taphrina, 

48,  151,  154,  168 

Paeudolpidium, 

107 

Polyatktia,      - 

-    452 

Paeudopeziza, 

254 

Polyatigma,     - 

7,  1811 

Peeudophacidieae,  • 

216 

Polythrincinm, 

-    229 

paeudoplatam,  Septoria, - 

-     478 

populi,  Maraonia,    - 

■    491 

Pseud  orh  y  tiama, 

-     280 

„        Septoria,     - 

-     478 

paeudotuberoaa,  Ciboria, 

-     270 
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pKudotiiberoun,  Sclerotinia, 
psoraleae,  Aecidium, 
ptarmicae,  Leptothyrinm, 
, ,         Schizotbyriutn, 
pteleae,  Aecidium,  ■ 
pteridia,  Cryptomycea, 
„       Fuajdium,  - 
„        Uredinopaia, 
Pnccinia, 
Puocinioaira,  ■ 
Pucciiiiopata,  - 
pukhella,  Ogularia,    • 
•  ■  JMSg&r&i  Vbe  rel 1 a , 
^ripoaum,  Cladoohytriura, 
pulaatillaa,  Coleoeporiun), 
pulverulent*,  Puccinia,  - 
punctata,  Melaamia, 
punct&tntn,  Aecidium,     - 
„  Rhytiama,    - 

„  Synchytrium, 

punotiforme,  Leptoatroma, 

Noatoo, 
pnnctiformia,  Phyllaohora, 
punctum,  Synchytrium, 
pupuraacena,  Taphrina, 
purpurea,  Cbmoepa, 
„  Puccinia, 

„  I J  roc  y  St  is, 

putilla,  Clavicepe,  ■ 
,,       Plaamopara, 
pustuUta,  Burillia,  - 

„  Malam  psora, 
putrefaciena,  Sporideun 
pychroa,  Calonectria, 

Pyunochytrium, 
pygmaea,  Plaamopara, 

pymaea,  Ravenelia, 
Pyrenochaeta, 
PyreoomycetuB, 
Pyrootonnm,  - 
Pythtam,        -        ■ 


quadrifidum,  Aecidium,  - 
Quatemaria,    - 
qnercina,  Cllthria,  - 
,,         Colpoma, 
RoaeUmia, 


quercinnm,  Capnodinm,  - 
quercus,  Manonia, 

quercua-ilicia,  Gnomnivia, 
quinqueloculjire,  Phragmidiui 


Rabcohoretiana,  Ub  til  ago, 
ncemoaua,  Mncov,  - 
rodiatui,  Polyporua, 
radiciperda,  Trametea, 
radicola,  Bacterium, 
radicolua,  Protomycea, 
radioeum,  Asteroma, 
Ram  n  la  rift, 
ramulosum,  Macroaporium, 
ranunculacearum,  Aecidium,  - 
ranunculi,  Entry  loma, 


Ranwenhoffii,  Tilletiu, 

Ravenelia, 

Ravenelii,  Periderm*  urn, 

Reillana,  Uatilago,  - 

repandnm,  Phacidinm, 

re  pen  tie,  Melunpaora, 

reseda  e,  Cercoapora, 

rhamni,  Aecidium,  ■ 

rhinanthi,  Solerotium, 

Rhizina,  - 

rhizipos,  Taphrina, 

Rhizobium, 

Rhizoctonia,    • 

rhizoidea,  Sclerotium, 

rhizophora,  Taphrina 

rhodiolae,  Puccinia, 

rhododendri,  Apioaporlum, 
,,  Chryaomyxa, 

„  Exobaaidfum, 

,,  Gloeoeporium, 

„  Henderaonia, 

„  Sclerotinia, 

Rhodomycea,  - 

Rhodophyceae, 

Rhytiama, 

rhytiamoidea,  Dyacomycopaia, 

ribeaia.  Scleredema, 

ribeaii,  Caeoma, 


147,  100,  152,  157 
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ribicc-la,  Plasmopara, 
ribicolam,  (Jronertium, 
ribis,  Gloeoaporium, 
„     Polyporus, 

„     Puccinia, 

robertiaui,  Stigma  tea, 
rohimae,  Dothiorella, 
Robinaoniana,  Tapbrioa, 
roaae,  Actinonema, 
„      Dicoccum, 

„     Gloeoaporium 

,,      Maraonia, 
„      Septoria, 
roaae-alpinae,  Phragmidii 
roeaecola,  Cercoapora, 
rosea,  Ovularia, 
Rosellinia, 

rostratum,  Urnbaaidjuni, 
Roatrupia, 
Roatrupiana,  Tapbrina,  147,  151, 
Rottrupii,  Peridenninm, 
Rouaaaauana,  Fabnea,   - 
Rouselliana,  Nectria, 
rubefaciens,  t'uucinia,      ■ 
rubellutn,  Aecidinm, 
rnbeacena,  Aacoidea, 
rubi,  Exoeporium,  • 

,,     Pbragmidinm, 

„     Septoria, 

„      -idaei,  Phragmidinm, 

„        ,,       Pyvenochaeta, 

„     -miniatum,  Phragmidium, 
nibigO'Vera,  Puccini  a, 
111  bra,  Endoaphaera, 
rubrocinctuin,  Synchytrium, 
rubrum,  Polyetigraa, 
rufibaeia,  Ramularia, 
rufomaculans,  Ramularia, 
rumicia,  Uromyoea, 

„         Venturia,  -     - 
rumicin-ncutati,  Puccinia, 
ruseicola,  Phylloaticta,  - 


aabiuae,  Gymnoaporajigmvn, 
ari,  Trichoaphaoria, 
U  Btil  ago,  . 
-ciliaria,  Uatilago, 


saccharin  a  in,  Cvlindrosporiuin, 
Saccharom  y  ces , 
Sadebeckianum,  Pythim 
Sadebeckii,  Taphrina,  148,  150,  1 
Bagittariae,  Doaaaanaia,  - 
eelicina,  Melampaora, 

„        Melaarnia,  - 
aalicinnm,  Capnodium,   • 
,,  Didyrooaporium, 

Rhytiima, 
aalicinua,  Polyporua, 
aalicin,  Uticinula, 
aalicia-capreae,  Melampaora,   - 
aalicocniae,  Uromycea,    - 
lambuci,  Aecidinm, 

,,        Phylloaticta,    ■ 
aaDgnineum,  Synchytriam, 
aanguinnlcnta,  Phoma,    ■ 
aanguiaorbae,  Phragmidinm, 
aeniculue,  Puccinia, 
aaponariae,  Sorotpurium, 
Saprolegniaceae, 
aarcinaeformae,  Macroaporiur 
eircinula,  Maoroaporium, 
aaiifragae,  Caeoma, 

„  Puccinia, 

acabiea,  Ooapora,     - 
acabioeae,  Aaeochyta, 

, ,         Uatilago, 
geelerata,  Ovularia,- 
Schachtii,  Peronoapora,  - 
Scbiedermayeri,  Hydnum, 
Schinzia, 

Scliinziiuinm,  Exobaaidium, 
Schixomycetea, 
Schiionella,     - 


Sch  izotbyrium , 
Schlciilcni,  Peronoapora, 
Scbneideri,  Puccinia, 
Schoeleriana,  Puccinia,  ■ 
Schroederi,  Puccinia, 
Sehroeteri,  Urutnycca,     ■ 
Schroeteria,     - 
Schroeteriaeter, 
Schweinfnrthiana,  U»  til  ago, 
Schweinfurthii,  Aecidinm, 
Schweinitzii,  Polyporus,  - 
„  Uatibgo,    - 


d  by  Google 


.    INDEX   OF   PARASITES. 


aeillae,  Puecinia, 
scillarcim,  Uromyces, 
scirpi,  Puecinia, 
Scleroderria,   - 
Sclerospora,    ■ 
Sclerotinia,     -  3, 

aclerotiorutn,  Peziza, 

„  Sclerotica, 

9clerotinm, 
Scolecotrichum , 
seorzonerae,  Uatilago,     ■ 
Scotinoaphaera  paradox  a, 
Scribneriaimm,  Cladoaporium, 
Bcrophulariae,  Uromycea, 
BcutelUtua,  Uromyoea,   - 
Scy  ton  etna, 
Bccaloa,  BaciUnB, 
Becalia,  Til  let  La, 

,,       Uatilago, 
aerii,  Endophyllum, 

„     Puecinia, 

„     Septoria, 
Selinia,  - 

■em  inn  m,  Uatilago, 
aempervivi,  Endophyllum, 
annecionia,  Coleoaporinm, 
,,  Ovulari  a, 

„  Pucoinia, 

aentina,  Sphaeralk, 
separata,  Tilletia,    ■ 
septentrioiulia,  Puecinia, 
Septocylindriuni,    - 
Septogloeum,  - 
Septoria, 
Seplosporium, 
aerotinnm,  Entyloma, 
aealeriae,  Puecinia,  - 
„       TMetia,   - 
•eaeilis,  Puecinia,    ■ 
•etariae,  Uatilago,  - 

„        Uatilaginoidea,  - 
aetoaum,  Ceratophorum,  ■ 
eetuloaa,  CUwiceps,- 
Sherardiana,  Puecinia,    - 
aii  latifolii,  Aecidium, 
ailen.es,  Puecinia,     - 
„      Uromycea,  • 
simplex,  Puecinia,  • 
aimulana,  Olpidium, 


singularia,  Puecinia, 
Siatotrema, 
aiatotramoidea,  Polyporna, 
Slime-fungi,     - 
milacia,  Aecidium,' 
smyrnii,  Pucoinia,  - 
aolani,  Alternaria,  - 

,      Hypnochua,  - 

,      M&croaporium 

,      Rhizoctonia, 

,      Schinzia  (Entorrhiza),  • 
aoldanellae,  Puecinia, 
nolidaginia,  Uromycea, 
Sonimerfcltii,  Aecidium,  - 
aonchi,  Coleoaporinm, 

,       Pucoinia, 
Soraueri,  Periderminm. 
Soraueriana,  Pestalozzinu, 
aorbi,  Cucurbitaria, 
„      Melampaora,  ■ 

aordida,  Peronoapora, 
aorghi,  Bacillus, 

,,       Cintractia,  - 

, ,       Endothlaapis, 

„       Fusi  clad  i  urn, 

„       Pucoinia,     - 

„       Uredo, 

„      Until  ago, 
Soroaphaera,   - 
■oroBporioides,  Urocyatia, 
Soroaporinm,  - 
sparse,  Melampaora, 
,      Peronoepora, 
sparaua,  Uromycea,- 
apecioanm,  Gymnoaporangiur 

„  Phragmidium, 

apergnlaa,  Puecinia, 
Sphaceloma,    - 
Sphacelotheca, 
Sphaerella, 
Sphaerelloldaae, 
Sphaeriaceae,  - 
Sphaerioideae, 
sphaorogetia,  Uatilago, 
sphaeroidea,  Dotbidea, 
„  Ovularia, 

sphaeroideB,  Dotbiora, 
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Sphaeroph  ragmium , 
Sphaeropeid  eae , 
Sphaeropsia,     - 
nphneropsoidea,  Phj 
Sphaorostilbe,  - 
Sphaerotheca,  - 
sphagni,  Tilletia, 
apinaciae,  Collototrichum. 
apinifieia,  Ustilago,  - 
apinulosus,  Cyatopua, 
spiralis,  Uncinula,  - 
spin*,  Didymaria,  - 
a  pi  end  ens,  Aecidium, 
SporideBraium, 
Sporodeamium, 
spumeus,  Polyporus, 
apnrium,  Sphaeionema, 
aquamoaaa,  Pol  yporus, 
aquarroana,  Agarions, 
atachydia,  Puccinia, 
„  Septoria, 

StftgODQHpora,  - 
Stahlii,  Peridermium, 
■tellariae,  Synch  ytrium 
3  temphyliimi,  ■ 
Stareum,- 

atictica,  Peatalozzla, 
atictoidea,  I.eptoBpliaeris, 
Stigmatoa, 
Stilbeae,  - 

atolonifcr,  Mucor,  - 
Stomatochytrium,  - 
stra  minis,  Puccinia, 

Streblonemopsia  irritans 
striae  form  in,  Puccinia, 
ntriatUB,  Uromycea,- 
Strickeria, 
BtriifoniiiH,  Tilletia, 
strohi,  Peridermium, 

atrobicola,  Hypoderma, 
atrobilinum,  Aecidium, 
atrutbiopteiia,  Uredinopais, 
Styaanus, 

suaveolena,  Puccinia, 
, ,  Trame  tea, 

aubcorticiam,  Phragmidiu 


BubincluaB,  Cintractia, 

„  Uatilago, 

eubtecta,  Leptoepbaeria,  ■ 
anbtilis,  Coleroa,     ■ 
succiaae,  Synchytrium, 

„        Uatilago,  - 
auffocata,  Pestalozzia, 
auffulta,  Phyllactinia, 
aulcigena,  Hypodermella, 
sulph  arena,  Polyporns, 
aylvatica,  Puccinia, 
aymmetricum,  Rhytiama, 
aymphyti,  Uredo,    ■ 
ay  m  plot  i,  Exobaaidium, 
ayuanthereaniiu,  Coleoaporium, 
Syncephalia,    - 
Sy  nchy  triaceae , 
Synehytrium, 
syringae,  Ovalaria, 


tabaci,  Oidium, 

„       Phylloaticta, 
tabifica,  Phylloaticta  (SphaereCa), 
taleola,  Aglaoapors, 

,,        Disport  ho,  - 
tauaceti,  Puccinia,  - 
Taphria  =  Tapbiina, 
Taphriua, 
Taphrinopsis,  - 
taraxaci,  Puccinia, 

„        Synchytrium, 
taxi,  Capnodinm,    ■ 

„     Sphaerella, 
tenuiatipea,  Puccinia, 
Tepperianua,  Dromyccs, 
terebinth],  Uromycea, 
terea,  Helminthoaportan 
Tetramyxa, 
thalictri,  Aecidium, 
„         Entyloma, 


T,  29,  146,  148 


Thecaphora,  ■ 
Thecopaora,  - 
thelebola,  Aglaoapora, 

„         Melanoonium, 
Thelcphora,      ■ 
theaii,  Puccinia, 
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ThieUwia, 
Thielsvioptie, 
thlaipeoe,  Puccinia, 

„         Tilletis, 
tiliae,  Actinonema, 

„     Pbylloaticta, 
Tilletin,  ■ 
Tilletieae, 
Tolypoaporinm, 
Tomentelleae, 

tormentillse,  Phragmidium, 
tortilia,  Eryaiphi 
Torula,    ■ 

Toaquioetii,  Taphrina,  147,  190,  153,  166 
toxicodendri,  Maraouia, 
Trabu  tiana,  Uatilago, 
Tracbyapora,  - 
tiagopogoDia,  Cyatopua, 
i,  Puccinia, 

„  Uatilago, 

Trnilii,  Pnccinia,     ■ 

„        Theciaphora, 
Trametos, 
Trematoaphaeria 
Tremollinae,    ■ 

tremelloidea,  Gymnosporangium, 
tremulae,  Aacochyta, 
,,  Fuaieladium, 

, ,         Helampaora, 
„         Napieladium, 
Ti-entopohlia  endopbytii 
Treubii,  Uatilago,   - 

„        Phytapfayaa, 
trie  he  I  la,  Vcrmicnlaria, 
triehophora,  Uatilago, 
Triclioaphaeria, 
Trichoepbaerieae,    • 
Xrichoapura,    - 
tridactyla,  Podoaphaertt, 
trie n talis,  Tuburoinla, 
trifolii,  Olpidiam,   • 

„        Phacidium, 

„       Pbyllacbora, 

,,      Polytbrinoium, 

i,       Pasudopeziza, 

,,       Synchytriam, 

,,       Uromycea, 
trif  olio  turn,  Peronoepora, 
,,  Sislerotinio,  ■ 


trigonellae,  Uromycea, 

Triphragmium, 
tritid,  Leptoaphaeria, 

„      Tilletia, 

„      Uatilago, 

trollii,  Puccinia, 
tropaeoli,  Pleoapora, 

Taberaoeae, 
Tubereularieae, 
tuberculatum,  Phragmidium, 
tuberculatum  Uromycea, 
Tuberculina,  - 
tuberoaa,  Hclemtinia, 
tubemui,  Cladoaporium 
Tube.ufiauum,  CylindroBporiun 
Tnbarcinia,  - 
Tuokeri,  Eryaiphe, 

„       Oidium, 
Tulaanei,  Ranmlaria, 

„         Sphaerella, 

„         Uuciuula, 

,,         Ustilago, 

tulipaa,  Puccinia,    ■ 

, ,       Sclerotium, 

„       Uatilago,   - 

turcicum,  Helminthoaporium, 
targida,  Taphrina,         147,  160,  1 
tnaailaginia,  Coleoaporium, 
typharum,  Heteroaporium, 
typhina,  EpichloS,  - 
Typhnla,         .... 


Uloi,  Urocyatia, 

„     Uatilago, 
uliginoaa,  Puccini  a, 
nlmariae,  Ramularia, 

,,        Triphragmiam, 
ulmariae,  Polyporua, 

ulmi,  Apioaporiuni, 
,,     Aateroma, 

„  Dotbidella, 

„  Phleoapora, 

„  Phyllachora, 

„  Pleoapora, 


,,     Taphrina, 
ulmicolum,  Ceratophoi 


db,  Google 


I,    INDEX   OF   PARASITES. 


21,  48,  328 

43,  iil 


nmbelliferaruni,  'KryBtphe,  -     175 

Magnnaiellft,  118,  151,  154 

umbilici,  Puccinis, 
umbonatum,  Rhytiama,  - 
Uncinala, 

undulata,  Rhizina,  - 
Ungeri,  Didymsria, 
Ungeriannm,  Eutyloma,- 
nniseptat -am,  Dicoccum, 
Uredinene,  7,  13, 

„  btteloecism, 

Uredinopsie,    - 
U  redo -forma,  - 
Urania,  Sclerotiuia, 
Urobaaidium,  ■ 
Urocyatia, 
Uromyees, 
Urophlyctia,    - 
Uropyxin, 
urticaa,  Peronospora, 

„       Ra  miliaria, 

,,        Rhytimna, - 

Ustilagineae,       7, 13,  16,  21 

,,  infection,   • 

, ,  remediea,   - 

Uatilaginoidea, 
Uatilago, 

utriculoaa,  Uatilago, 
uvicola,  Phoms, 


vaccinii,  Exobaaidium,    - 
„        Gibber*,    • 
, ,        MelfttnpBora, 
„         Sole  rot  in  ia, 

,,  Synchytrium,  • 
vagina,  Fumago,  - 
Vaillantii,  Uatilago, 
valantiae,  Puccinia, 
valeriau&e,  Puccinia, 
„  Uromycea, 

Valaa,      .... 

valiiipora,  Dendrophoma, 
vanillau,  Caloapora, 

,,  Gloeoaporium,  ■ 
vaporarius,  Polypoma,  ■ 
rariabile,  Hetcrosporium, 


variabilis  R&mularia, 

variua,  Eioucua,    - 

vaainfectum,  F  natrium,  ■ 

vastatrii,  Hemileia, 

venet.um,  Gloeoaporium, 

Ventaria, 

veratri,  Puccinia,    ■ 

„       Uromycea, 
VermicHlaria, 
vermicQlariaefonnia,  Ventaria, 
vernalia,  Enilomyoea, 
„         Melampaora, 
veronica*.  Ovular!*, 
„         Puccinia, 
„  SoroepWra,  - 

,,  Styaanna, 

veronicarum,  Puccinia 
veTTUonloanm,  Entyloma, 
Vialae,  Uredo, 
viburui,  Plaamopara,, 

, ,  Ranmlaria, 
viciae,  Aaeocbyta,  - 

,,      Perunoapora, 

„  PbyUoaticta, 
viucae,  Pucoinia,  - 
vinoaa,  Uatilago,  - 
riolacea,  Rbiaoctonla, 

„         Uatilago,  - 
violiweura,  Phragmidinm, 
violae,  Cercoapora,  - 

„     Gloeoaporium, 

„      Peronospora, 

„       PhyllnaticU, 

„       Puccinia, 

„      Urocyatia,    - 
virganreae,  Puccinia, 
virgin ica,  Taphrina, 
virgnltorum,  Dot  hide*,  • 
viride,  Chlorochytriun 
viridia,  Cylindroaporium, 
vitcllinae,  Mel&mpaora,  - 
viticola,  Cercoapora, 

,,        PUamopara, 
viticolum,  Cladochytrium, 
,,         Ckdoeporium, 
vitigena,  Leptoaphaeria, 
vitia,  Aureobaaidinm, 
„    Plumodiophora,    ■ 
„     SphaereUa,     - 
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vitia,  Oredo,  - 
Volkenaii,  Ravenelia, 
Volutella, 

Vrieseana,  Uitilago, 
Vuijkii,  Uatilago,  - 
vulgaris,  Botrytii,  • 

„         Phylltiflticta, 
vulpinae,  Fuccinia, 


Willkommii,  Peziza, 

Wiiiteriana,  Puccini*,     - 
Wittrockii,  Entoderm*,  ■ 


xuithoxjli,  Aecidinm, 
Xenodochut,  • 

lyloatei,  Anthostoma, 


W 
Wurburgiana,  EpichloS,  • 
Warmingii,  ExobMldium, 
Westendorpii,  Thecaphora, 
Willkommii,  Dasyscypha, 


zonata,  Tilletia, 
ZopEu,     • 

Zopfielh, 
Zopfii,  Puccinia, 

Zygomycetes,  • 


db,  Google 
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tbira,  Aecidinm,  401,  409 
Agarics,  .  457, 461 
Apiosporinm, 

Oleoma, 
Calyptospora, 
Lop  h  ode  rmi  urn. 
Nectria,- 
Peridermium, 
Peatalozzia,     • 


Rhiziim,  -         -     274 

270 

TrameteB, 

Trichogpbaei 
Abietlnoae,  Myuorhizn,      96 
Acacia,  Aecidium, 

Ravenelia, 

Uromycee, 

Acer ,  Cercoapora, 
CyliadrtnporiuD 
Dermatea, 
Dyscomycopais, 
Leptothyrium, 
Mclasmia, 
Nectria,  - 
Oidiura, - 
PeBt&lozzia, 
l'ozicula, 
Phleoapora, 
PhylloBticta, 
Polyporua,   436,444,452 


Roy  tiama,       ■     242,  244 
SeptogloeuDj,  -    495 

Septoiia,  -    478 

Taphrina,  151-154,  168 
UneinnJa,  .  177,  178 
chillea,  Cystopus, 
Leptothyrium, 

141 
Puocinia, 
Schizothyrium, 
Syncbytriani, 
Aoottitnm,  Paccinia, 
UrooyBtie, 

Septocylindrinm, 

Actao*,  Aecidinm, 

UrocygtiB, 
AdynostylyB,  Aecidinm,  348 

Coleoaporium, 

Niptera,  - 
Puocinia,         -     348,  359 
Uromyces,       -  -     : 

AdbeaioD-disoa  =  appres- 


Adonla,  Urocystis, 
Adoxu,  Puecinia,      341, 

Synehytrinm, 

Uatilago, 

Aecidinm,  Tuberculina, 

AegopckUnm, 

Actinonema,  - 
Caeoma,  - 
Phyllacbora,  - 
Protomycea,   - 
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Puocinia,         ■         -    359 

AMenlM,  Aecidinm,  -    410 

Diplodia,  -    472 

Nectria,-        ■         ■     185 

Phylloaticta,  -        ■    464 

Polyporua,  -     444 

Septoria,  -     478 

Slimcflux,       ■         ■     143 

Taphrina,        ■     lfil,  153 

Asthma,  Puccinio,     -    353 

AgaricuB,  EndomyceB,    141 

Agare,  CladoBporinm,     509 

AgrlmonU,  Melamp*ora,370 

Uredo,  -    420 

Agrapyrain   (see  alio 

Tritioain) 

Puocinia,       -     345, 349 

Uatilago,         ■        -    293 


Taphrina,  •  151,  154 
AgroBtli,  Puecinia,  345-349 

Tilletia,  -  -  -  310 
AllanUmi,  Cercoapora,  515 
Alra,  Entyloma, 

Paccinia, 

Ustilago, 
AJoga,  Pbyllobinm, 
Albunda,  Uromyces, 


501 


Boatrichonema, 

Uromycea, 
Alder,  black  =  Alnua 
glntinosa. 


db,  Google 


Alder,  whi  te=Alnue  inc 
Aletria,  Phynalospor*, 
Algae,  Chlorocystifl,  ■ 
Entoderm*,    - 
Entonema, 
"Harveyiilla,    - 
Olpidium, 
Pe  L  i  p  h  1  egm  ati  a  m , 
Pheeophila,    ■ 
Pythium, 
Streblonem  opsin , 
„     bine-green,  ■ 
„    pathogenic,      539, 1 
Aliam*,  Cladochytrinm,  1 
Doaaaansia,  -    v 

Pseud  opeziaa,-        -    I 
Allium,  Aecidium,      ■     : 
Baoterioaia,    ■        -     ( 
Caeoma,  -  367,  4 

Cladochytrinm,  -  i 
Macroaporium,  i 

Peronoapora,  -  J 

Pnccinia,  341, ' 

Rhizoctonia,  •  -  I 
Sclerotinia,  •  -  5 
Urocystia,  -     J 

Uromycea,  -  337,  I 
Vermleularia,  •    4 

Almond  (see  Amygdalu*} 
Alnua,  Corticiam,      -    4 
Frankia,  -        ■     1 

Leptothyrium,  -  4 
Microaphaera,  1 

Myoodomatia, 
Mycorhiza, 

Ovularia,  -    ( 

Puaalora,  •    ( 

Polyporos,  433,  43D,  4 
Sclerotinia  -  •  I 
Stigmatea,  -  -  S 
Taphrina,  150,  157,  1. 
168,  1 
VftUa,  .    i 

Alopecuraa, 

PMtaloEzIna,  -        -    4 
Pnccinia,      345,  316,  1 
Tilletia,-        -        -     ■ 
Alpine  -rnee  (see  Kho- 
dodendrou) 
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AM—,  Pnccinia,     - 

Althaea,  Cercoepora,  ■ 

Colletotrichnm, 


Phylloaticta,  - 
Pnccinia, 


Cyitopna, 


127 


Fusicladium,  ■        -    607 
Gymnoaporanginm,   385, 
301,  401,  402,  403 
Oidinm,  -  -400 

Podoaphaera,  -        -     173 
Boeatelie,     365,  391,  402 

AmpelopaU,  Cercoepora,  615 

Ainphinaipaea, 

Synchytrinm,  -     100 

Amygdalu*  {aee  also 
Prunus) 
Aacospora,  -  -  211 
Ceicospora,  ■  -513 
Oloeoiporium,  -  483 
Polyatigma,  ■  -  ISO 
Tapbrioe,     150,  153,  165 

Anbury,  -    524 

taftBW,  Aecidium,   -     347 

Andromeda,  Colcroa,  195 
Exobaaidinm,  426, 427 
Rhytiama,  -    246 

Stigmatea,      ■        -211 

Andropoifou,  Clavicepa,  195 
Pnccinia,  ■  345, 354 
Tilletia,  - 
Uetilago, 

Androeace, 
Peronoapora,  ■ 

Anemone.  Aecidium,  23,409 
Coleoaporinm, 
Protomycea,  - 
Pnccinia,  356,  358,  360 
Sclerotinia,  ■ 
Septoria, 
Synchytrinm,- 
Urocyatia, 

Anethnm,  Puccinia, 
Heteroaphaeria, 

Angelica,  Fusicladium,  508 
Pnccinia,        •        -    340 


Noatoc,  .    546 


345,354 


Pucoinia, 

Tilletia,  ■                 -  310 
Anthracnoae, 

Blackberry,    -        ■  483 

Cotton,                    -  487 

Print,                   -  485 

Raspberry,                .  483 

Vine,      ...  467 

Ant&rlaeiu,  Plaamopara,  128 

Pnccinia,               -  340 

AnthylUa,  Uromycea,  337 

Apinm,  Cercoepora,    -  514 
Entyloma,      ■        -312 

Macroaporium,       •  518 

Phylloaticta,  -        -  464 

Pnccinia,         •     353,  355 

Septoria,         -        ■  477 

Apocynum,  Aecidium,  411 

Septogloenm,  -        -  496 

Apple  (aee  Fyrua  Maine) 

-blight,                     -  531 

-rot,        •        -        -  482 

powdery  mildew,    ■  174 

Appreaioria,  0 

Apricot  {aee  Prunus) 

Aqullegla, 

Aecidium,       -     349,  400 

Arabia,  Aecidium,      -  410 

Puccinia,         .     359,  301 

Uetilago,                  -  207 

Alalia,  Triphragminm,  362 

Arctium,  Aecidinm,   -  351 

Arntostaphyloe, 

Exobaaidinm,-  427 

Melampeora,  -        -  370 

Ariaarom,  Phylloeiphon,563 

Arlatfda,  Uetilago,     -  294 

Artatoloohla,  Puccioia,  341 

Uromycee,  -  334 

Ascochyta,  473 
Altemaria, 
Cercoepora, 
CyaEopua, 
Ovnlaria, 
Septoria, 
mica,  Entyloma, 
Eatylon 
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Gym  oosporangium,      331 
Roeatelia,  -     392 

ArrhenatherniH, 

Exobasidium,  427 

Puccinia,  -    346 

Tilletia,  ■  -    310 

Urocystis,        -         -     318 
Ustilago,         -        -    288 

Arrowroot  (sec  Maranta) 

Artemisia,  Peronospora,  134 
Puccinia,        -        -301 

Artichoke  (see  Cynara) 

„         Jerusalem  (nee 

II  el  i  aiithua) 

Arum,  Aecidium,  349,  410 
Caeoina,-  -     419 

Ustilago,  -    299 

Arundinarta,  Uatilago,  293 

Ainndlnella,  Uatilago,    294 

ABarum,  Puccinia,     32,  359 

Aacleplas,  Aecidium,  ■    411 

Ash  (gee  Fraxinua  ex- 
celsior) 

Ash -canker,       -        -    633 

Asparagus,  Cercospora,  614 
Puccinia.         -  -     341 

Rhizootonia,   -         -    202 

Aapeii     (see     Popnlus 
tremula) 

Aaperula,  Phacidium,  241 
Puccinia,  -      341, 363 

Aspidistra,  Aacochyte,   473 

Aspldlum  ' 

Aflplenlum 

Alter,  Aecidinm,  3fil,  411 
Basidiophora,  -     127 

Puccinia,  -    361 

Astragalus,  Didymaria,  601 
Microsphaera,  •  176 
Polyatigma,  -  -  190 
Thecaphora,  -  -  324 
Uromyees,      -        -    337 

Aatrantla,  Fabraea,  -  265 
Puccinia,         -        -     359 

Atnamantha,  Puccinia,  340 

Atragane,  Puccinir 


e  Perns) 


ocystis, 
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AtrlplBX,Cladochy  trium,  114 
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Phyllotticte,,  -       -    466 

Atrophy,    -  22,  26 

Aubernage,         -     202, 634 

Autaecism,         -        •      45 

Avena,  Cladoaporium,     609 

Brysiphe,        -        ■     176 

Fusarium,  -     512 

Fuaieladium,  -        -    508 

Helminthoeporinni,     512 

Phoma,  -  -467 

Puccinia,      345,  346,  348 

Scolecotrichum,      -    608 

Septoria,         -        -    477 

Uromyees,      -       -    336 

Uatilago,         -     284, 287 

646 


Bacterial  diseases  or 

Bacterioais,     -         -    530 

Bacteroids,  -     102 

Bammuu,  Neovoesia,     311 

Puccinia,        -         -    354 

Barbaras,  Aecidium,        409 

Barberry  (see  Berberia) 

Barley  (see  Horde  urn) 

Baitsla,  Coleosporium,  376 

Batatas,  Ceratocyetle,    469 

Cladosporinm,         -    511 

Cyatopns,       -        -     127 

Nectria,  -        -189 

Phyllosticta,  -         -    464 

Rhlzoctonia,  -        -    202 

(tee  also  Ipomoea) 

Bean  (see  Vicia) 

,,     Kidney  (see  Phaaeolus) 
Beech  (see  Fagua) 
Beet-root    and  Sugar  Beet 

{see  Beta) 

Beet,  heart  rot,  -        -     464 

„    -scab,  -     497,  637 

Belli  dlaitnuu, 

Aecidium,       -        -    351 

Bntyloma,  -    312 

Puccinia,         -        -    369 

Bollls,  Aecidium,        -    352 

Berberia,  Aecidinm,  341, 409 

Didymosphaerla,    -    218 

Melasmia,       -        -     479 


Microsphaera, 
Puccinia, 
Beta,  Bacteria,  ■ 
Cercospora,    - 
Entyloma, 

Peronospora, 

Phyllosticta,  - 

Pythium, 

Rhizootonia,  - 

Sclerotica, 

Sporidesmium, 

Uromycea, 
Betonlca,  Puccinia, 

Uatilago, 
Betula,,  Cladosporinm, 

Dot  bides, 

Dotbidella,     - 

Hormomyia,  - 

Melam  psora,  -     366,  367 

Microsphaera, 

Myxosporium , 

Phyllactinia,  - 

Polyporua,    446,  449-452 

Sclerotinia, 

Slime-flux, 

Taphrina,  149-164, 

159-161,  167 

Twig-galls,     -        -    532 

Uncinula,        -        ■    178 
Bilberry     (see      Vaccimum 

Myrtillua) 
Btrch  (see  Betula  alba,  etc.) 
Bitter-rot,-        -        .    482 
Black-knot,        -        -    231 

„    -rot,  Vine,     216, 484 

„     -mat,         -     341,419 

,,     -ahank,  -    469 

Bladder-plums,  -  -  166 
Blanc  des  Raeines,  ■  202 
Blight,  a  common  name  for 

Boraglneae,  Eryriphe,    175 

Puccinia,         -     347,  348 

Bongo,  Entyloma,     ■    312 

Bordeaux  mixtnre,   69,  172 

Bomllfe-Bordelaise,  ■  69 
Bontelona,  UstLlago,       299 
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Brachypodlum, 

Cacalia,  Col  emporium 

377 

Tilletia, 

310 

Puccinia, 

346,  35* 

Uromycea, 

337 

Toly  poeporiu  m , 

306 

Tilletis, 

-    310 

Cactua,  Phytophtbom, 

118 

Uatilago,                27,  294 

Uromycea, 

-    336 

Caeoma,  Tuberculin*, 

327 

Carllna,  Puccinia, 

353 

Bramble  (see  Rubua) 

Calamagrostia, 

Carnation  (aee  Dianthua) 

Brand,  Vine, 

-    484 

Puccinia, 

346 

bacterioaia, 

632 

Brand*  [nee  Uetilagineae) 

Sclerotium,     - 

266 

fairy  ring  spot, 

516 

Braaalca,  Aacochyta,      473 

Tilletia, 

310 

rosette,  • 

522 

A  Item  aria, 

-    618 

Ustilago, 

293 

mat. 

336 

Cercospora, 

-    614 

CsJathea,  Cepbaleuroa 

553 

apot, 

477 

Cystopua, 

-     126 

Calcium  oxalate  and  fungi, 

Carplnus,  Dermatea, 

253 

Macroaporium 

-    61S 

35 

Fusiclatiiuin,  - 

508 

Olpidium, 

•    107 

Calendula,  Entyloma, 

312 

GuomonieUa,  - 

223 

Penraospora, 

-     133 

Caltha,  Fabnea, 

255 

Mamiania, 

223 

Plaamodiopho 

a,     ■    024 

Pee  a  dope  ziza, 

255 

Melampaora,  - 

370 

Plcospora, 

-    221 

Puccinia, 

341 

Peziculo, 

253 

Sclerotinia, 

-    264 

Camellia,,  Cephaleuroe 

052 

Phyllactlnia,  - 

178 

Sphaerella,  . 

-    215 

Coryneum, 

491 

Polyporua,      -     447,  452 

Sporideamium 

•    221 

Meliola, 

182 

Slime -flux, 

143 

Briaa,  Puccinia, 

.    345 

Peataloxzia,    • 

494 

Taphrina,      150-154,  162 

Tillotia, 

-    310 

Vernricularia, 

471 

Carrot  (see  Daucui) 

Bromna,  Exobaa 

idinm,  427 

Campanula, 

Oartnamua,  Puccinia 

355 

Puccinia, 

345,347 

Coleosporinm, 

377 

Carum,  Cladochytrium,  114 

Sphaerella, 

-    815 

Maraonia,       ■ 

491 

Puccinia, 

356 

Tilletia, 

-    310 

Puccinia, 

359 

Carya,  Fuaicladium, 

508 

Urocyetia, 
Uatilago, 

-  316 
292,293 

-  497 

Cankers  (aee  under  Hosts) 

Iiamularia, 
Cassandra, 
Exobaaidium, 

502 

Cannabis, 

427 

Brawn-mat, 

-    347 

Dendrophoma, 

469 

Cutanea,  Diplodina, 

474 

Brunisaure, 

114,028 

I'uziza,    - 

285 

Peetalozzia,    - 

494 

Bruaone,  Rice, 

-    266 

Septoria, 

477 

Phylloaticta,  - 

464 

Brueeone,  Vine, 

-    484 

Caper  =  Cap  pa  ris  apinoaa 

Polyporua, 

439 

Bryfopyrusi,  Pu 

ccinU,  345 

Cercoapora,     • 

515 

Septoria, 

4T8 

Buckwheat  {tee  i 

agopynun) 

Cystopus, 

126 

Slime-flux,       - 

143 

Buds,  pee  ni  at  or 

20 

Capsella,  Cyatopna,    ■ 

126 

Urocystia, 

319 

Bulb-bacterioefa 

-    638 

Peronosporft,  ■ 

133 

Castration  oE  flowers 

27 

Bunt  (see  Tillet 

») 

Plaamodiophora, 

524 

Catalpa,  Macrospo- 

Bntomut, 

Capsicum, 

rium,  - 

518 

CladoehytriuE 

,       ■     113 

Gloeoiporium, 

483 

CeanotnuB,  Aecidium 

411 

Doasaanaia, 

-    323 

Caragana,  Uromycea, 

337 

Cedar-apples, 

402 

Buiua,  Laestadi 

*,      ■    217 

Cardans, 

OedTna,  Peridermium 

417 

Leptoatroma, 

-     480 

Puccinia,      340, 353 

359 

Celery  (aee  Apium) 

Neetris, 

-     188 

Thecaphora,   ■ 

324 

Cell-contente  and  fun 

«;.  3i 

Phonia,  ■ 

■    468 

Ustilago, 

296 

Cell-sap  and  fungi, 

33 

Phyllontictn, 

-    464 

Carax,  Cintractia, 

302 

Cell- walls  and  fungi, 

36 

Puccinia, 

-    361 

Leptoatroma, 

480 

( .'el  1  ii  loae-destroy  ing 

fungi, 

Fhyllauhoro,  - 

229 

15,  38 

C 

Puccinia,       349-35 

,355 

Celtia,  Ramularia, 

502 

Cabbage  (see  Br 

aaaica) 

Schizonella,    - 

305 

Taphrina,        -     1 

9,  153 
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Cenchrua, 
Tolypoaporium,      •    306 

Oentaurea, 
Aecidium,      ■    361,409 
Puccinia,         -     340,  333 

Oentrajlthus,  Puccinia,   356 

Cephalanthus, 
Aecidiam,      -       ■    411 

Uenstlum,  Aecidium,     410 
Fohraea,  ■         •     255 

Isariopaia,  -    520 

Melampsorella,       -    370 
Peronoapora,  -  134 

Soroaporium,  -        ■    325 
Uatilago,         .         -    297 

C  era  tophy  lima, 

Chlorochytrium,     -    550 

Cereal*  (under  Arena,  Hor- 
de urn,  Secale,Triticuin) 

Cereal-rust,  82, 84 

Chaexaphylliim , 
Actinonema,   -        -    474 
Caeoraa,  -419 

Protomycea,   -        -     138 
Puccinia,         ■     340,  359 

Cfcajoaacyparla, 
Gy  mnoaporangio  m , 

401,402 
Peatalozzia,    -        ■    494 

Chamerops, 

Anthoatomella,       -    226 
Graphiola,       -     325,  326 

ChamomlJla,  Cyatopua,  127 

Champignon  blanc,  202 

Chara,  Entoptaysa,     ■  548 

Cheiranthus, 

Cercoapora,     -         -  515 

Cyatopua,  -  126 

Peronospora,  •  133 

Chelidonum,  Caeoma,  419 

GhsnopodlaceM, 

Peronoapora,  -        -  132 

l'homa,  -  469 

Ohanopodlum, 

Cladochytrium,      -  114 

Phyllosticta,  -        -  465 

Uromyces,      -        -  337 

Cherry  (see  Pnume  avium 
and  Prunus  Ceraaua} 


Cherry,   Bird   (see   Pnin 

Padua) 
Chervil  (aee  Anthriacua) 
Cheatnnt,  horee   (aee 

Aesculus) 
Chestnut,   aweet  (aee 

Cutanea) 
Olives  (see  Allium) 
Chlora,  Phyllobium,  -     55) 
Chloranthy,        •        33,  90 
CUorla,  Uatilago, 
Chlorosis,  - 
Chrysanthemum, 

Aecidium, 

Uidium,  - 

Septoria, 
Uhryiosplenlum, 

Entyloma,      ■ 

Puccinia, 


Puccinia, 

Sclerotinia,  - 
Clcuta,  Puccinia, 
Cineraria,  Aecidium, 

Brcmia,  - 
Clrcaea,  Aecidium, 

Melampsora,  - 

Puccinia, 
Olrmlum,  Aecidium, 

Cyatopua, 

Phyllosticta,  - 

Puccinia,         ■    353,  361 

Synch  ytrium, 
Citron  (Bee  Citrus  mediea] 
Citrus,  Capuodiui 

Cladoeporium, 

Colletotrichum, 

Pendrophoma, 

Fuaarium, 

Fuaiaporium,  - 

Meliola,  - 

Peuicillium,    ■ 

Peatalozzia, 

Pleoapora, 

Sphaerella,     - 

Claytonla,  Peronospora,  134 
Clematis, 
Aecidium,       -     349,  409 


Dicoccrtm, 
Clover  (see  Trif oliu 
Clover-ruat, 
Club- root,  - 
Cochleaxla, 

Alternaria, 

Cystoput, 

Omlaria, 
Coffaa,  Cercospora, 

Hemileia, 

Pellicularia,   - 

Ramularia, 
Coil,  Uatilago,  - 
Cololiicum,  Urocyatia, 

Uromyces, 
Oolutea,  Uromyces, 
Oofwunm,  Doaaaanaia,    324 
Compositae,  Aecidium,  409 

Cyatopua, 
Eryaipbe, 
Perouoapora,  ■ 
Plasmopars,   - 

Protomycea,   - 

Puccinia, 

Sphaerotheca, 

Synchytrium, 
Conifers,  Agaricus, 

Botrytia, 

Diplodia, 

Fuaoma, 

494 

Phytophthora, 

Polyporoa,      -     450, 452 

Rhizina,  - 
Conlura,  Puccinia, 
Conopodlum,  Aecidium,  409 

Puccinia,  -  -  355 
Conservation  of  Host,  21 
ConvalLirla, 

Aecidium,       •     349,  410 

Dendrophoma,        -    469 

Heterosporium,  -  516 
Convolvulaceae, 

Cyatopua,  -127 

Convolvulus,  Puccinia,  341 

Thecaphora,  -        ■    324 
Copper  salts  as  Fungi- 
cides, 66,69, 122, 171,467 
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Corelllorhlaa.My  corhisia,  97 

Cork  (tee  Wound-cork) 

Oornni,  Cryptomycea,    248 

Eryaiphe,        ■         -     175 

Phylloatieta,  -        -    464 

Septoria,         -        •    478 

Oorydalla,  Aecidinm,-    410 

Caeoma,  -         -     419 

Entyloma,      -        •    312 

Peronoapora,  -         -134 

CoTylni,  Gnomoniella,     224 


Mum: 


22* 


Phyllactinie,  -        .     178 
Polyporos,      ■     439,  444 


Sclerotica,  -  -  281 
Cotton  (tee  Gossypium) 

„  trenching,  -  522 
Cottonwoods  (see  Populua) 
Coucb-KiMa  (see  Triticnm) 

V*****"  \(weV»ociniam) 

Cranherryj  ' 

Crataegus,  Asteroma,  470 
Fnaicladiuin,  ■  -  507 
(Ijra  oosporangium , 

385,  391,397,401-403 
Pestalozzia,  -  ■  494 
Phleoapora,  -  -  478 
Podoapbaera,  -  ■  174 
Polyporne,  -    450 

Boeatelia,    385,  397,  402 
Septoria,         -        -     478 
T.phrina,      160,  153,  166 
Crepis,  Puccinia,  353 

Synchytriam,  -  109 
Cress  (see  Lepidiam) 

,,   water  (sue  Nasturtium) 

Oroton,  Aecidinm,      ■    410 

Crowherry  (we  Empetrum) 

Craciierac,  Cystopua,      124 

Eryaiphe,         •         •     175 

Peronoapora,  -        ■     133 

Pl&sinodiophora,     .    524 

Pytbinm,  ■    116 

Cucumber  (nee  Cuoumis) 

Cucumls,  Bacteria,    -    536 

Cladoeporium,         ■    510 

Coll  etotrich  urn,       -    486 


Eryaiphe,  -  175,  499 
Hypnoohua,  -  ■  428 
Macroaporium,  -  518 
134 


PytMum,        -         -  117 

Sooleootricbora,      -  508 

Cucurbit*,  Bacteria,  -  536 

Colletotrichum,      •  486 

Peronoapora,  •        -  131 

Cuourbltaceae,  Phonw,  469 

Sclerotica,     -  •  265 

Sphaerotheca,         -  173 

Onpniau,  Agaricne,  457 

Uymnoeporangium,  403 


Cupaiiferae, 

Mycorhiza,     - 
Oyeadi,  Anabaena, 

Cladoeporium, 
Cyclamen, 

Collctotridhnm, 
Septoria, 
Thielavia, 
Oydenia,  Bacteria, 
Cercoapora,  - 
Entomoaporium, 
Gymnoeporanginrn,  386, 
391,401,403 
Henderaonia,  - 
Ovularia, 

Roestelia, 

472 

Taphrina,     150,  154,  lflS 
Cynanchnin, 

Cronartinm,  ■ 
Cynara,  Bamalaria, 
Cynodon,  Phyllacbora,   229 

Tilletia,  - 

Uatilago, 


134 


Peronoapora,  - 
Cyperua,  Scbinzia, 
Cytteu,  Ceratophor 

Cueurbitarie,  - 

Darluca, 

Diplodia, 

Mieroephaera, 

Peronoapora,  - 


Phylloatlcta,  -        ■    463 
Physaluipore,  -    218 

Uromycea,  337,  338 


345,346 


DactjlU,  Entyloma,  • 

Epichloe, 

Puccinia, 

Sclerotium, 

Tilletia,  - 

Uromyoea, 
Dahlia,  Sclerotome,  -  264 
Dammara,  Per  id  crm  i  urn,  417 
Damping-off,  •  •  116 
Dandelion  (tee  Taraxacum) 
Daphne,  Sphaerella,  -  215 
Datnra,  Cercospoia,  -  515 
Dauous ,  Heterosphaeria,  249 

PlaBmopara,   - 
Polydee 


Hhixoctonla, 
Sclerotinia, 

Sporideimium,        ■  221 

Detmoditun, 

Mieroephaera,  176 

Ramnlaria,     -         -  502 

DentarU,  Pacoinia,    -  359 

Dlanthua,  Ascochyta,  473 

Bacterioeia,     •        -  632 

Botryti*,        ■       -  500 

Futarinm,                ■  £22 

Hetemeporium,       -  516 

Macraaporiam,        -  518 

Puccinia,        -        -  361 

Septoria,         -        -  477 

SorOBporium,  ■         -  325 

Urooystia,               -  319 
Uromycea,  334,  336,  337 

Uatilago,        ■        -  297 

VoJutella,       -         -  520 

Dlcentra,  Aecidinm,  •  410 

Peronoapora,  -  134 

Digitalis,  Ascochyta,  473 

Ramnlaria,     -        -  602 

DigitarUt  (tee  Panicnm) 

OIU  (aee  Auethum) 

Diplaohne,  Uatilago,  -  293 
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DipsacuH,  Peronoapora,  132 
Disposition  :  Chap.  V. 
Doomtia,  -  93,  99,  540 
Doronlcnm,  Puccinia,  381 
Doubling  of  Flowers,  28 
DouglM  Fir  (see  Pseudo- 
Drabs,  Aeoidinm,       -    410 

Puccinia,        .        -    359 
Dracaena,  Ustilago,   ■    299 
Dry-rot  =  Merulins. 
Dryaa,  Didymosphaeria,218 

Synchytrium,  -     HI 

Durra  (see  Sorghum) 


Echoveria, 
Endophyllurn, 


Peronoapora,  - 


134 


Peronospora,  ■     134 

Ectotrophic  lnyeorhiza,    94 
Egg-plant  (see  Solanum 

Melangena) 
Elder  (see  Sambncua) 
Bleagnaceae,  Mycorhiza,  99 
Elm  (see  Ulmua) 
Modes.,  Chlorochytriuni,  650 
Elymiu, 

Puocinia,      345,  348,  354 

Ustilago,  .  .  293 
Empetmceae, Mycorhiza,  98 
Etnpetrum,  Caeoma,  -    380 

Chrysomyxa, 

Metaamia, 

Podoiphaera, 

Rhytisnia, 

Sclera  tinia, 
End  op  by  ten, 
End otrophic,  Mycorhiza,  93 
Enzymes,  -  .  35,  37 
Bpaerldeae,  Mycorhiza,  98 
pheitra.  Pel  idemiium,  417 


370 


Melampsora,, 
Plasmopara, 
Puccinia, 
Ramalaria, 


Spbaerotheca, 

Uredo,    - 

Venturia, 
Epiphytes,         ■        -  8 
Eplpogon,  Mycorhiza, 
Bqulsetum,  Pythium, 
Erantals,  Acridium, 

Urocystis, 
Ergot  (see  CI av jeeps) 
Ergotism,  symptoms, 

Leptosphacria, 
Venturis, 


Exobasidium,      423,  • 

Mycorhiza, 

(sea  also  Vaccinium; 

Erigeron,  Aecidium,  -     < 
Baaidiophow,  1 

Entyloma,      -        ■    ! 

Eriksson  on  Cereal-  rusts 
82,  332,  ! 

Srlopborutn, 

Leptostroma,  -  • 

Pnooinia,         -     352, 1 

Erynglum,  Entyloma,     ,' 
Puccinia,         -        -    .' 

Brythraea,  Phyllobium,  I 

Eucalyptus, 

Didymospbseria,  -  i 
Pestalozzia,  -  -  • 
Ustilago,         -        -    i 

Buonymua,  Caeoma,  368,  < 
Cercospora,  -     ! 

Microaphaera, 
Venturia,  -    i 

Euphorbia, 
Aecidium,       -       24,  • 
Endophyllum,         -    > 
Fusicladium,  -  ( 

Leptostroma,  •        -    < 
Melampsora,  - 
Peronospora,  - 
Ravenelia,       -         ■     • 
Uromyces,   334,  336,  ! 

Euphrasia, 

L'oleosporium,  ■  ; 
Tubarcinia,    -        -     : 

Exooaceae,  parasitic, 


1   Fagopymm, 

Phytophthora 

Ramularia, 
'   Fagus,  Actinonema,  - 

Hydnum, 
Myxosporium, 

Pestalozzia,    - 

Phyllactinia,  - 

Phytophthora, 

Polyporus,   435,  444,  450 

452 

Quaternaria,  ■         -    226 

Slime-flux,      ■     143,  144 

'   Fonnol,  Rhisoctonia,  -    202 

Ferments,   -      2,  16,  35,  37 

Perns,  Cryptomyces,       248 

Spbaerella,      ■         ■    215 

Taphrina,       29,  140,  153 

UTedinopsis,  •     141,  420 

Urobasidium,  -     427 

)  Fsstnoa,  Isaria,  -        :    519 

1'uccinia,        345  349,  354 

Tilletia,  -        -    310 

Urocyatis,  -    316 

Ustilago,  -     288 

Flans,  Cercospora,      ■     515 

Uredo,  -    420 

Ustilngo,  ■    299 

,   "  Finger  and  Toe,"    -    524 

1  Fir,  silver  (see  Abies) 

,   Flax  (see  Linum) 

;   Flower- hypertrophy,        26 

(    Flowering,  premature,      20 

x  of  Trees,    -        -     112 

1  Fly-wood,  -       -       -    130 

:   Forests,  close  and  mixed,  80 

i   Fragaria,  Aacocbyta,      473 

Peronoapora,  - 

Ramularia,      - 

Sphaerella, 

Synch  ytrium, 

Theoaphora,   - 

FraZlxuU,  Actinonema,  474 

Aeoidinm, 

Aacocbyta, 

Bacteria, 


,  Google 


SIS 


Cercotpora,    ■ 

Cylindroaporinm,   -    489 

Hysterographinm,       233 

Peatalozzia,    -        -    493 

Pbyllactinia,  -        -     178 

Polypodia,  439,  444,  449, 

452 

Scolecotrichum,      -    SOS 

Septogtoeum,  •    496 

Septoria,  -    478 

FriHIlarla,  Urcmyces,    338 

Fruit-rot,  ■        58,  115,  179 

Fungi,  pathogenic,     -     104 

„      classification,  -     105 

,,     heteroecioua,  4S,  74, 

331 

„      in  fodder,       85,  306 

,,      sexuality,      104,  136 

Fungicides,         -  68 

Fungus -digesting  plants, 

92.97 

„      -gatla,  15,25,  32,83, 

40,300 


O 

<lag«a,  Pucciaia,  336 

Synchytrium,          -  111 

Uromycea,      -        -  338 

Uatilago,        -        -  299 

Galaiitlms,  Botrytis,  -  S00 

Caeoma,                   -  368 

Sclerotica,     ■        ■  270 

Galega,  Uromycea,     -  337 

Gale  opals,  Phyllosticta,  465 

Galium,  Melampsora,  370 

Melanotaenium,      ■  314 

Ph  acid  inn,      -         -  241 

Pnccinia,      341,  359,  361 

Synchytrium,         -  113 

Ganltnerla, 

Synchytriotn,           -  109 


D  idy  moaphaeria , 
Rhiaobinm,     - 
Uromycea, 
Gentlana,  Botrytia, 
Cronartium,    • 
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Heterospbaer 

Mycorhfza, 

Puccinia, 

Sclerotfnia, 


Sphaerotheca, 
Geranium,  Botrytia, 

Coleroa, 

Plaamopara,   -      ! 

Pnccinia, 

Ramularia, 

Stiginatea, 

Synchytrium, 

Tubnrcinia,    ■ 

Uromycea, 

Venturia, 
Oeum,  Depazea, 

Peronoepora,  - 
Qilla,  Aecidium, 

Pnccinia, 
Gladiolus,  Urocystis, 
Olaui,  Aecidlum, 
Olecnoma,  Puccinia, 

Ramularia, 
Glodl  taenia,  Cercoapora, 
Glyceria, 

Cladochytrium,      ■ 

Cladcep«, 

Uatilago,  -  293, 
Glyoyihlsa,  Uromycea, 
Qnaph&llum, 


QoMt 


Goodyera,  Mycorhiza, 
Gooseberry  (aee  Ribea) 

-mildew, 
floaayplum,  Cercoapora,  I 

G  ol  1  e  tot  ri  chum,       -     • 

Fuaarium,  i 

Macros  porium,         -     I 

Ramularia,     •        -     . 

Sphaerella,      -        -    '. 

Ursdo,  -    • 

Gourd  |aee  Cucurbit*) 

Grain-smuts,  65,  ' 

(aee  alao  Ustilaginea 

Oramlneae,  Aacochyta,  • 

Clavicepa, 

Dilophia,        ■        -    '. 

Dilnphoepora,  •    < 


EpichloB,  -     191 

Eryaiph'e,  -     170 

Exobaeidium,  -    427 

Fuaarium.       -        -    520 

laaria,     -  -     519 

Maatigosporinm,  504 

Oidiam,  -     175,  499 

OpbioboluB,    -         ■    222 

Pbyllachora,  •        •    229 

Puccinia,         ■      341-349 

Scolecotrichum,       ■     508 

Septoria,         -        -     477 

Uatilago,         -     288,  306 

Grape  (aee  Vitio) 

Grape-fruit  (see  Citrus) 

sea  (aee  Gramineae) 

Grass  -mildew,    -        -     175 

Gumming,        211,491,638 

(Junnera,  Noatoc,        -     541 

H 

Habitat-racea,    •        -    332 

Hail-wounds,      -         61,  78 

Hallimaach,  ■    456 

Hal-tig's,  R. ,  chief  work  a,  37 

Bauatoria,  -    8,  10,  12 

Hawthorn   (aee  Crataegus) 

Hud  (aee  Cory  Ins) 

Heart- wood,  antiaeptic,  5, 76 

Heasra,  Aacochyta,    -    473 

Bacteria,         -        -    533 

Cladoaporinm,         -    510 

Septoria,  -    478 

Sphaerella, 


inlaris 


471 


Hedyurum,  Uromycea,  338 

Haleocnarla,  Clavicepa,   196 

Ballantbua,  Plaamopara,  131 

Puccinia,  -    340 

Ramularia,     •  602 

Sclerotinia,     -        -    264 

Hallchrysum,  Entyloma,312 

Eelleboma,  Ramularia,  502 

Urocystis,       -        •    816 

Holuacladlum  (see  Apium) 

Entyloma,  ■  -  312 
He  mi -parasite,  -  3,  4,  6 
Hemi- saprophyte,  -  3,  4 
Hemp  (aee  Cannabia) 
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Hemp-canker,    - 

HepaHcae,  Nob  too, 
Schizophyceaa, 


HetflTOaphaoria,       ■     249 

Pi'otomycee,   -        -     138 

Puccinia,  -    340 

Taphrine,        ■     151,  154 

Heteroeciitn,      -      45,  331 

ffioraclnm,  Entylonia,    312 

Puccinia,  -    353 

Hlppurla,  Uromyces,      336 

Holcus,  Puccinia,       -    346 

Tllletia,  -     310 

Hollyhock  (see  Althaea) 

Huloeaprophytea,  3 

Holosteum,  Ustilago,      297 

Homogyna,  Puccinia,      359 

Honey-dew,       -      161,  193 

Honey-fungus,   -  455 

Honeysuckle  (see  Loni- 

Hap  (see  Hamulus) 
Hop-mildew,  ■     173 

Hordenm,  Erysiphe,        175 
Helminthoeporinm, 

221,  512 

Hormodendroii,       -     505 

Phoma,  ...    467 

Puccinia,  -      345,  348 

Tilletia,  •        -    310 

'   Ustilago,         .        ■    28S 

Hornbeam  (see  Carpinus) 

Horn- radian    (aee    Armor- 

Hottonla,  Doasaainia,  324 
Hot-water  sterilisation,   66 

Humnlni,  Capnodium,  181 

Oidinm,          -       -  499 

Sphaerotheca,         ■  173 
Hyacinth  (nee  Scilla) 

Hydrangea,  Septoria,  478 
Hypericum, 

Melampaora,  ■        -  370 


Scotinoaphaeria,     -    i 

HypochuerU, 

Rsmularia,      -         -     i 
Hypopltyi,  Mycorhiza, 


l,  Plasm  odiophora, 
Diplodia,  - 

Platmopara,   - 

Puccinia, 
Iraperata,  Uitilago,   ■ 
Indian  Corn  (eeo  Zea) 
Individuation,   - 


87 
S3,  56 

Insect  diseases,  -         8,  115 

Inula,  Coleoeporinm,      376 

Ipomoea,  Coleoaporium,  377 
Pnccinia,  -  -  366 
Vennicnlaria,  •    471 

Irla,  Aecidiutn,  -  411 

Cladochytrium,  -  114 
Helmiathosporium,  512 
Pnccinia,  -  -  355 
Schinzia,  ■  -  326 
Uredo,    - 

laopyrum, 
Syncbytrinm, 

I7y  (aee  Hedera) 

Ivy-canker, 


Jasione,  Puccinia, 
Jauncb, 

Jensen's  method, 
Jnglana,  Botrytis, 

Cladoaporium, 

Entorrhiza,     • 

Marsonia, 

Miorostroma,  • 

PenioiUium,   • 

Septoria, 
Jnnona,  Puccinia, 

Rhytisma, 

Schinzia, 

Tolypoeporium, 

Urocystis, 

Uromyces, 

Ustilago, 


Clithris,          ■        -  248 

Dothidea,        -         -  230 
Oymooeporangium,    384, 
389,391,395,401-403 

Henderson)*,  -       ■  475 

Herpotrichia,  -        -  19B 

Lophodermium,      -  240 

Peatalozzia,     ■        -  494 

Pleospora,       -         ■  511 

Polyporus,      -        ■  450 

Stigmates.,       ■          -  211 

K 

MMnna,  Synch ytrium,  109 

Knautia,  Aacochyta,  473 

Perouoepora,  -       28,  132 

Ustilago,         ■        -  294 

Koalarla,  Puccinia,     •  354 

Eohlhemie,  or  Eropf,  524 

L 

)    LaWatae,  Erysiphe, 

Puccinia, 
-  Laburnum  (see  Cytisua 
Lactuoa,  Botrytis, 


132 


Trentepohlia, 
Junlpsrus,  Agaricus, 
Botrytis, 
Clasterosporiu 


Septoria, 
I  Lamlnm,  Ovularia, 
I   Umpasm,  Puccinia,  - 

Ramnlaria, 
)  Larch  (see  Larix) 

i   Larlz,  Agaricus, 

Caeoma,  -  366,  367,  419 
Daaycypha,  ■ 
Heterosporinm, 
Hypodermella, 
Leptostroma,  ■ 
Lophodermium, 
Noctria, 
Peziza,    ■  20,  271 

Polyporus,  -  439, 452 
Sphaerella,  .  .  211 
Trametes,  -  -  453 
Lathyrua,  Diachora,  -  230 
Dicoccnm,       -  506 

Peronoapora,  -  -  132 
Thecaphora,  -  .  324. 
Uromyces,       -     333, 334 
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Exobaaidium,        31, 427 

Ledum,  Chrysomyxa,      379 
Exobaaidium, 

Sclerotiuia,     - 


Erysiphe, 

Mycodomatia,       101, 
Mycorhka, 
Raveneli*, 

Cblorochytrium,  549, 

ChloroBphaera, 

Comnella, 

Endoclonium, 

Olpidiura, 

Pythium, 

3  coti  noeph  ae  ra, 
Lemon  (see  Citrus} 
Lepidlum,  Aecidium, 

Cystopus, 

Peronoapora,  - 
Lettuce  (see  Ladtuca) 


Gynmosporanginm,  401 
Li  chon- symbiosis,  •  86 
Lignifi  cation  of  cell- walla ,  37 
Lignin-destmyiDgfnogi,  38 
Llgustram,  Aecidium,  409 
Caeoma,  -        -    419 

Cercospora,    ■       ■    515 
Gloeoeporium,  485 

Lilac  (see  Syringa) 
LUlum,  Aecidiam,  349,  410 
BotrytU,  -  -  208 
Peronoepora,  -  ■  135 
SclerotiDia,  -  -  268 
Uromyces,  -    338 

Urn*,  bean  (see  Phaeeolus) 
Lima  or  Linden  (see  Tilia) 
TJimmitnimn  id  , 

Aecidium,       ■      352, 410 

Stom&tochytrium,  •  550 

Llmosella,  Doasaansia,  324 

Llnarta,  Entyloma,    -  312 

Melanotaenium,      •  314 

Peronoepora,  ■  134 

Llnum,  Melampsora,  -  369 


Peronoepora,  • 
Llrlodendron, 

Cercoapora, 

Cylindioeporinn 

Leptoephaeria, 
Llthoepernium, 

Synchytrinm, 
Lollnm,  Fnaarinm, 

Ovnlaria, 

Puccinia,         ■     345, 346 

Thecaphora, 

Tillotia,  ■ 

Ustilatfo, 
Lonloerm,  Aecidium,  349, 409 

Anthoetoma,  - 

Ascochyte, 

Didyrooephaeria, 

Laaiobotryi,   - 

Leptotbyrluni, 

Microsphaera, 

Nectria,  - 

PhylloetJcU,  - 

Venturis, 

Peronoepora,  - 

Lotus,  Ovularia, 
Uromyces, 

lucerne  (see  Medicago) 

Luplnus,  Cercoapora,  515 
Cryptoeporinm,  -  489 
Eryslphe,  -     176 

Pythium,  -      117 

ThielarU,       -        -     182 
Uromyoee,      -        -    337 

Luxuia,  Phyllachora,  ■  229 
Puccinia,  -  352,  354 
Urocystis,  ■  -  316 
Uitilago,         ■        ■     294 

Lycluus,  Ovul&ria,  -  5X10 
Puccinia,  -  -  340 
Septoria,  ■  ■  478 
Sorceporium,  -  325 

Uromycea,      •        -    337 
Ustilago,  27, 267 

Lydum,  Microaphaera,    178 

Lycopodinm,  Pythium,    110 
Aecidium,   -    41 1 
Aecidium,  351 
Pbylloblum,  -       -    551 

Synchytrinm,  .     Ill 


M 
Magnolia,  Pestalozsia,    494 
Bsionla,  Aecidium,  -    341 
Kalis  (see  Zea) 

at aj  a  ntTiwrnii  m  f 

Aecidiam,       -        -    349 
Ibdneblnm,  Ustilago,     297 
Maladie  digitoire,       -    524 
Mal-di-gomma,  -        -    521 
Mallow  (see  Malra) 
Malnero,   ■        -202,534 
MajTa,  Ascoohyta,     .    473 
Cercoapora,     -        ■    618 
Phone,  •        ■        -469 
Puccinia,         -     359,  360 
Mandarin  (see  Citrus) 
Mangel  Wunel  (see  Beta) 
Mangold  (see  Beta) 
Manure  and  Fungi,  67,  279 
„     PlMmodiophora,  52S 
Maple  (see  Acer) 
Marante,  Epichloo,    ■    191 
Matthlola, 

Plasmodiophor*,     ■    524 
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TUletia,  -  -     310 

Uromyoee,  •     336 

edlar   (sea  Meapilue  and 
Amelanchier) 

Melampyran,  Aecidium ,  349 
Coleoaporium,         -    376 

Mellca,  Puccinia,        -     346 

Melon  (see  Cncumie) 

water  (see  Cucumis) 

Mentha,  CUdochytrium,  114 
Endoaphaera,  -     551 

Puccinia,        -       -    341 


Peronospora,  - 
Pseudopezizs, 
Rhizoctonia,    ■ 


Cladochytriam,  •  114 

Mezaurlalla, 

Caaoma,-        -  367,419 

Cercospora,     -  ■  515 

Synehytrium,  -  113 

Meipllns, 

Fnsicladium,  -  -  508 
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■MpUU, 

Uromyoee, 

338 

Oat  (see  Avena) 

Gy  mnosporangi  am, 

Uatilago, 

299 

Oenothera,  Aecidium 

411 

391,  397 

Mycocecidia, 

25 

Peronoipora,  - 

134 

Mucor,  - 

180 

Mycodomatia,    -         93,  99 

Puccinia, 

355 

Oidium,  • 

499 

Mycorhiza,         -         3" 

3,  93 

Synchytnum, - 

109 

Ovularia,         -     261, 500 

MyoiwtU,  Aecidinm,  - 

411 

Olea,  Cercoapora, 

515 

Penicillium,    - 

180 

Entyloma, 

312 

Cycloconiam,  • 

506 

Podoephaera,  - 

174 

Peronoepora,  • 

134 

Polyporns, 

447 

JHenra,  Triphragmium 

,   302 

Synchytrium,       111 

113 

Twiggalle,     ■ 

532 

Mignonette  (see  Reeeda) 

Myonurus,  Peronoipora,  134 

Oleaoaaa, 

Mildew,  powdery  {see  Ery- 

Hyrica,  Ramularia,    - 

502 

H  yaterographium. 

232 

aipheae) 

Frankia, 

101 

Oleander  (see  Nerium) 

,,        false    (see    Perono- 

Kyricaceae, 

Olive  (see  Olea) 

sporese) 

Mycodomatia, 

99 

Rogna  or  Loupe, 

532 

THHmw  |  Puccinia, 

345 

Hyrlwwla, 

Onion  (aee  Allium) 

Tilletia,  - 

310 

Didymoaphaeria,     - 

218 

Onion-nut,         -    341,  355 

Millardet'a  vines, 

82 

Mjirhls,  Puccinia,      - 

340 

Onobrycbla,  Diachora 

230 

Millet  (eee  Panicum  ud 

Thielavia, 

183 

Sorghum) 

N 

Uromycea,      • 

337 

Hint  (Me  Mentha) 

Kaxdaana,  Puccinia,  - 

359 

Orangfl  (see  Citrus) 

Mistletoe,  - 

18,  04 

Xardna,  Clavicepa,     - 

194 

foot-rot, - 

521 

Mollnla,  Clavicepa, 

194 

KaTtnedum,  En  ty lama 

313 

mal-di-goouna, 

521 

Fusarium, 

520 

Saitnrtlum,  Cystopue, 

126 

aooty  mould,  - 

182 

NeoTOBBia, 

,   311 

Nebbla  nera,      - 

484 

Orchideae,  Aecidinm 

349 

Puccinia, 

349 

Needle-CMt,     211,  238 

481 

Caeoma,-        -    368,419 

Mouotropa, 

Meottla,  Mycorhiza,   ■ 

97 

Gloeosporium, 

485 

Mycorhiza, 

87,93 

Xepett  (eee  Glechoma) 

Mycorhiza,     ■ 

37,  99 

Uroeyatia, 

319 

KephiMUnm  (tee  Ferna) 

Omitliogalum, 

Monoxony, 

45 

Nerlnxa,  Capnodium,  ■ 

181 

Heteroeporium, 

516 

Morbe  bianco,    - 

202 

Cerooapore,     - 

515 

Puccinia, 

356 

Komi,  Bacteria, 

534 

nicotians,  Aacochyte, 

473 

Uroeyatia, 

313 

Cercospora, 

515 

Bacteria, 

535 

Uromycee, 

338 

CUdocbytrium, 

114 

Erysiphe, 

175 

Uatilago, 

299 

Diplodia, 

472 

Oidium,  • 

499 

Orobanche,  Urocyatii 

319 

Glbberella, 

184 

Peronotpora,  • 

134 

Oryia,  Piricularia, 

503 

Helicobaaidinm , 

429 

Phylloaticta,  - 

404 

Sclerotioni,     - 

266 

Nectria,  - 

185 

Nucleus-parasite*, 

32 

Tilletia,  - 

310 

Phleotpora,    ■ 

478 

Nuile, 

90S 

Ustilaginoidea, 

311 

Polyporua, 

445 

Hnpnar,  Aecidium,  352, 410 

Oitrya,  Taphrina,  15 

,  154 

Septogloeum,  - 

49G 

Nutriciam,          •         E 

,  92 

Oxalla,  Sphaerella, 

215 

Sphaerella,      -     21 

5,  478 

Nyctaginaoeae, 

Oxyrln,  Puccinia, 

355 

Mountain  Aen  (tee  Py 

Peronoepora,  - 

135 

Uatilago, 

298 

[Sorbua]  Aucupa 

-ia) 

Hymphaea, 

Mucilage  flux,    - 

142 

Aecidium,      -     352, 410 

P 

Mulberry  (see  Mo  rue 

Kntyloma, 

313 

Paeonla,  Cronartiam, 

382 

Bulg-edium,  Puccinia 

340 

Palme,  Colletotrichun 

,  438 

Mummification  of  fru 

to,  29 

0 

Uraphiola, 

325 

Hnaa,  Phyaaloepora, 

218 

Oak  (see  Quercua} 

Peetalozzia,    - 

494 

MUHCarl,  Urocyetii, 

316 

Oak- root  fungus, 

200 

Thelephora,    - 

429 

db,  Google 


PMdanui,  Caphaleuros,  553 

Pulctra,  Pythium,    - 
TolypQeporium, 
Uetiltigo,     289,  291, 

Papaver,  Entyloma,  - 
Peronospora,  - 

Paplllonaceae ,  E  ry  siph  e,  1 7  5 
Peronoapora,  -        -     132 

Parasites,  -  -  1-3,  7,  14 
classification,  -  -  3 
mode  of  life,  ■        -        7 

Paris,  Aecidium,  349,  410 
Mycorhiza,  -  -  32 
TuburcinU,  .  -  321 
Urocyatia,  -    318 

ParnaBBia,  Aecidium,  352 
Uromycea,  ■    334 

Pauley  (see  Petroeelinum) 

Panel  p  (see  Paatinaca) 

Partridge-wood,         -    431 

Paapalus,  Ustilago,    -    294 

Faatluaoa,  Cerooapora,  514 
Cercoaporella,  -  503 
HeteroBphaeria,      -    249 

Pea  (ieu  Piaum) 

Foa-ruat,     ...     334 

Peacu  (see  Peraiea) 
-carl,      -       -       -    165 
frojty  mildew,         -    503 
-rot,        ...    497 

Pear  (tee  Pyroa  com  muni*] 
■blight,  -        -        -    531 

Podlculartfl, 
Aecidium,       -     351,  410 

pauldllarla, 

Tolyposporium,  306 

Pennlaetum,  Neovoasia,  311 

Pentatemon,  Aecidium,  411 

Peplis,  KndoEphaera,      Sol 

Perldarmlum, 
Tuberculins,  ■  327 

Pandca  (sue  also  Prunua} 
Cerooapora,  -  -  513 
Ceroosporella,  •  503 
Cladoaporium,  -  510 
Claatcmsporium ,  -  511 
Gloeospormm,  •     482 

Monilia,  .        .    497 
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Phylloaticta,  - 

Puccini  a, 

Spbaerotheca, 

Taphrina,    150,  155 
Petaaltea.,  Aecidium,  - 

Coleoaporium, 

Coleroa,  - 
PetaoBellnum, 

HeteroBphaeria,  * 

Plalmop&ra,   • 

Pucciuia, 

Pbytophthora, 

Sclerotica,     ■ 


Pucciufa,        ■     353, 359 

Taphrina,  -  151,  154 
Phalaria, 

Cladochytrium,       •    114 

Pucciuia,        ■     346,  349 

Sclerotium, 

Ustilago, 
Phaaeolni,  Aaeoohyta,     473 

Bacteria, 

Cercospora,    - 

Colletotrichum, 

Inariopaia, 

Phylloaticta,  - 

Phytopbthora, 

Sclerotic  ia,     - 

Uromycea, 
Phegopterl*  (tee  Feme) 
PHUlyiM,  Aecidinm,  ■ 

Uredo,    - 
PlUenm,  Epichloii, 

Pucciuia,  -  345,  348 
Phlox,  Aecidium,        -    411 

Pucciuia,         -        -    355 
l'hoenli  (aee  Palms) 
Phragmltea,  Clavicepa,    194 

Helminthoaporium,     516 

Naplcladinm,-        •    516 

Pucciuia,  -    349 

Ustilago,  .  .  293 
Puyllutliui,  Ravenelia,  403 
Fhyteuma, 

Coleoaporium,         -    377 

Uromycea,      -        -    338 


Pice*,  Aecidium,  377, 

379, 407,  416 
Agaricua,  .    457 

Barctayella,  ■  ■  373 
Chryaomyxa,  ■  379,  380 
Herpotricbf  a,  ■  ■  199 
Lophodermium,  237,  240 
Mycorhiza,     -  95 

Naevia,  -    238 

Nectria,-  -  -  1S8 
I'eridiirrui  um,  416,  417 
Peetalozzia,  -  •  493 
Polyporua,  -  440-450 
Septoria,  -    476 

Trametea,  -  -  463 
Trichoapbaeria,       ■     197 

Plerla,  Entyloma,      -    312 
Pucciuia,        -  355 

PUea,  PhytAphyaa,     ■    554 


Pucciuia,         ■     340, 356 
Thecaphora,   -        -    325 
Pine  (aee  Pinna) 
„   Cembrau  (aee  Pinua 

Cembra) 
,,   Mountain  [seePiuus 

montana) 
„   Scots     (aee     Pinua 

sylvestris]     • 
,,   Weymouth  (aee  Pinua 

Strobua) 

Piue-twiater,      -         -    364 

Ptogulenla,  Uatilago,-    297 

Pinna,  Agaricua,         -    457 

Branchontia,-       -    481 

Caeoma,-         -        -    364 

Cenaugium,    -     251, 481 

Cladoaporium,       -    509 

Cucurbitaria,  ■        -    210 

Elaphomycea,        -    183 

Qymuoeporangium,     396 

Lophodermium,      •    240 

Melampaora,  -       -    364 

Mycorhiza,     -        •      96 

Peridermium,  -   376, 

382,  411-416 

Phoma,  -       -    466,  468 

Polyporua,      -     449,  450 

Bhizina,-       -       -    273 


dbyGoogle 
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Plans,  Slstotrema, 

433 

Cladoaporium, 

510 

Mycorhixa, 

96 

Trametes, 

453 

Feneatella,      ■ 

229 

Polyporue,      ■    439,  447 

Twig-gaUl,     -     532,  533 

Gloeoaporium, 

484 

Septoria, 

-    478 

drying  np  of  twigs. 

481 

Pettaloma,    • 

494 

Slime  dux, 

-     143 

Finns1  Oembra, 

Polyporus, 

445 

Taphrina,     150-154,  157, 

Cucurbitaria,  • 

210 

Plum  (seePrunus  domestic*) 

106 

Neotria,  - 

188 

Plums,  pocket,  -      15 

156 

Unci  aula, 

178 

Paridunniuu],-      3! 

2,  415 

Plum -rust, 

355 

Portulaca,  Oyttopns, 

127 

Final  montana, 

Foa,  Clavleept,  - 

195 

Potamogeton, 

Herpotrichia,  • 

199 

Entyloma,  »  • 

312 

DoassariBia, 

324 

Hypodermella, 

234 

EpicMoe, 

191 

Endosphaera,  - 

-    550 

Helampaora,  - 

364 

Puccinia,         •    34.' 

348 

Potauium  sulphide,  173,483 

Peridermium,- 

411 

Tilletia, . 

310 

Potato  (see   Solanum 

Ptnus  tylvMtrli, 

Urooyntis, 

316 

tuberosum) 

Agaricus,       - 

457 

Uromyces, 

336 

-disease, ■ 

119 

Caeoma,  - 

364 

Pock  of  Vino,    - 

484 

early  bligbt,   - 

517 

Hypodenna,   - 

234 

Podophyllum, 

-rot. 

535 

Hypodermella, 

234 

Phyllosticta,  - 

465 

-scab, 

537 

Lachoella, 

272 

Podospermum,  Puccinia,  356 

Potato,  sweet  (see  Batatas) 

Lophodermimn, 

235 

Folamonlnm,  Aecidium 

411 

Potentials,,  Beloniella,    266 

Melampsora,  - 

361 

l'olygonatum, 

Cercospora,     ■ 

515 

Periderm  inm,-    374 

,  376, 

Aecidium,        -    349 

410 

Cladoc  hy  trium. 

114 

377,  381,  411,  41 

4,  415 

Polygonoae,  Puccinia, 

355 

Coleroa,- 

195 

Phoma,  -        -     46 

6,468 

Polygonum, 

Marsonia, 

491 

Poly  pome, 

450 

Boetrichoneraa, 

501 

Peronospnra,  . 

134 

Trametes, 

453 

Ovularia, 

501 

Phragmidium, 

363 

PinuB  Btrobna,  Agaric 

a,457 

Peronoepora,  - 

135 

Synchy  trium, 

111 

Hypodenna,  - 

233 

Pseudopesiza, 

255 

Taphrina,       ■     151,  154 

Peridermium,      3t 

2,415 

Pseud  orhytisma,     ■ 

255 

Pourriture  of  Vine, 

202 

Phoma,  ■ 

468 

Puccini  a,        ■    ZS& 

355 

Powdery  mildew  (see 

Polyporus,            44 

0,450 

BhytUma, 

248 

Eryeipheae) 

Tubcrculina,  ■ 

328 

Sphacelotheca, 

302 

Pranantbes,  Puoclnia 

340 

Piptathenun,  Puccini 

,  346 

Stigmstea, 

211 

Primula,  Ovularia, 

500 

Plstacia,  Uroraycca, 

337 

Uromyces, 

334 

Phyllosticta,  - 

465 

Plsum,  Ascochyta, 

473 

Uatilago,          ■     2S8 

299 

Puccinia, 

341 

Cladoapormm,      50 

9,510 

Polypodlum  {see  Ferns) 

Tuburcinia,     ■ 

321 

Krysipho, 

175 

Polyxeny,  - 

45 

Uromyces,      -       21, 334 

PeronoBpora,  - 

132 

Poplar  (sea  Populus) 

Prlmulaceaa, 

Pytfaium, 

117 

Poppies  (see  Papaver) 

Peronospora,  - 

134 

Thielavia, 

183 

Populns,  AgaricuH, 

462 

PrlTet  (see  Ligustrnm 

) 

Uromyeei, 

334 

Ascochyta, 

473 

Pro— rplnaca,  Aecidium,  410 

Uatilago, 

297 

Capnodium,    ■ 

181 

Prunella,  Aecidium, 

410 

Flanfl  (sec  PI  at  anus) 

Cladoaporium, 

510 

Asteroma, 

470 

Plantago,  Aecidium, 

411 

Didymospbaeria,    ■ 

218 

Pruning, 

77 

Peronoepora,  - 

134 

Diplodia, 

472 

PrviLui,  Ascospora, 

211 

Bamularia,     ■ 

502 

Dotbiora,       -    21S 

249 

Aateroma, 

470 

Syachytrinm,- 

111 

Fusicladinm,  ■ 

508 

Bo  try  tie, 

269 

Tilletia,  - 

310 

M arson ia, 

491 

Cercospora,    - 

513 

Platanui,  Calonectria 

184 

Melampsora,  -    364 

367 

Clasterosporinm, 

511 

db,  Google 
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Curyneum, 
Dermafcelln, 
Gloeosporinm, 
Monilia,  - 
Oidiuin,  • 
Phylloaticta,  - 
Podoephaera 
Puccinia, 


476 


Sphae  roil  ema, 
Sphacrotheoa, 
Tuphrina,       150-157,  184 
Uncinula, 
Prunua  avium  and  ?. 

Coraaua,  Ascoapora,  21 1 
CaloBphaeria, 
Clasteroaporinra, 


Coryneu; 
Cylindroeporiui 

Fmicladiam,  - 


211,  491 
4B9 

507 


Monilia,-         -    261,  497 

Penicillinm, 
Phylloaticta, 
PloHrightia, 
Podoaphaera, 
Polyporua,  439,  449,  452 
Puccinia, 
Taphrina,  151,  153,  163 
Prunua  flomeaBca, 
Caloaphaeria,  •  -  22( 
CUdoeporium,  -  flit 
Claateroeporium,  511 
Cylindroaporinm,  -  4Mi 
Dermatella, 
IKdymsria, 
Manilla,  ■ 

Penicillinm, 
Phyllosticta, 
Plow  righti  a, 
Podoephaera, 
Polyporua, 
Polystigma, 
Puccinia, 

Taphrina,      151-154,  164 
Uncinula, 
Prunua  Padua ,  Asteroma,  470 
Cy  I  in  d  roapori  nm , 


Melampeora,  ■ 

370 

Monilia,  - 

261 

Polystigma,    - 

190 

Solerotinia, 

261 

Taphrina,     151,  162 

154 

Faainma,  Uatilago, 

293 

PsendoUaea,  Agaricua 

457 

Botrytia, 

-269 

Phoma,  - 

466 

Polyporoa, 

450 

Trumetes, 

453 

Paonlea,  Aecidium,  • 

410 

Ptele*,  Aecidium, 

410 

Cercospora,     ■ 

015 

Pterls  (aee  Ferni) 

Pullcaria,  Uromyces,- 

336 

Pul*atUla(  see  alao  Anemone) 

Pnccinia, 

356 

Urocyatis,       -     316 

317 

Pyrola,  ChryBomyxa,- 

380 

MelampBOra,  - 

370 

Pynu,  Ac  tin  on  em  a,   - 

474 

Asteroma, 

470 

Bacteria, 

631 

Gymnosporangium , 

385,391 

40-2 

Hydnum, 

433 

Melampaora,  -     369 

370 

Nectria, . 

185 

Peatalozzia, 

494 

Polyporua,            44.: 

452 

Roeatelia,  335,  391, 

392,397 

402 

Sphaerotheca, 

174 

Cncurbitaria,  -        -    210 

G  ymnoaporanginm, 

3S5 

391 

Melam  psora,  - 

369 

Phoma,  - 

463 

Podoaphaera,  - 

174 

Polyporua, 

444 

Roeatelia.385, 389,391 ,392 

Sclerotinia,     - 

260 

pyrnfl  communis, 

Bacteria, 

531 

Entomoaporiu  m , 

480 

Fuaidadium,  -     218 

507 

Gloeoeporium, 

482 

Gymnosporaiigi 

386,  361,  390 

401,403 

Monilia, 

-    4»7 

Morthiera, 

210 

Muoor,   - 

180 

Penicillinm,    - 

180 

PhylloBticta,  - 

463 

Plasmodiophora. 

529 

Plowrightia,  - 

281 

Podoaphaera,  - 

174 

Polyporua, 

439,444 

Roeatelia, 

386,396 

Septoria, 

-    476 

Sphaeralla,      ■ 

216,  478 

Stigma  tea, 

-     210 

Taphrina,     150 

164,  168 

Veutuiia, 

■    218 

Pyrna  Mains,  Bacteria,    631 

Cladosporium, 

590 

Fturicladinm,  - 

218,507 

Gloeoaporium, 

-    482 

Gymnoaporacgi 

385,  389,  391 

402,403 

Henderaonia,  - 

-    476 

Hyduum, 

•     433 

Monilia,  - 

-     497 

Mucor,   • 

-     180 

Nectria,  - 

-     1B6 

Oidinm,  - 

173,  499 

Peoicillium,    - 

-     180 

Phylloaticta,  - 

-     463 

Podoephaera,  - 

-     174 

Polyporua,   433, 

445,  452 

Roeatelia,    385, 

391,402 

Slime-flux, 

-     143 

Sphaeropeia,  ■ 

472 

Sphaerotheca, 

173 

Thelephora,    ■ 

429 

Venturis,, 

-     218 

Q 

Quercna,  Agaricua 

•    457 

Aglaoapora, 

226 

Bulgaria, 

253 

Capnodinm,    - 

181 

Ciboria,  - 

270 

Cladosporium, 

510 

Clithria,- 

248 

Colpoma, 

248 

db,  Google 
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Cycloconiuin,  - 
Derniatcd, 
Dinporthe, 
Kistulina, 
(inomonia, 
Hydnum, 
MaraOuia, 
Microsphaera, 
MicroatrOIDa,  - 
Myxonporium, 
Peatalozzia,     ■ 
Pezicnla, 
Phyllactinia,  - 
1'olyponia,  433,  439, 
444,450, 
Roaelliniiv, 
Sclerotinia,     -    266, 
Slime-dux,     -    142, 
Stereum,         -    420, 
Tapbriiia,    ISO,  153, 
Thelephore,    -    429, 
Uredo,    - 
Quince  (ebb  Cydonia) 
-ruat  (tee  Roeetelia) 
leaf-blight,     ■ 
black  rot. 


Rljihauua,  Cyatopui,-     126 
Peronospora,  -         ■      133 

Kupbany  (aee  Rubua) 

Red-rot  (due  to  Polyporeite) 
ted  (see  Phragmitea) 
neda,  Cercoapora,  -    515 
Peronoepora,  -  133 

Rosin,         -  62,  75 

collecting,  78 

-flux,  44,  45S 


Aecidium,  3 

C'ladocliytrium, 
Cy  lindroaporium , 

Didymaria, 

Entyloma, 

Ovutaria, 
Peronoepora,  - 

Stigmatea, 
Synchytrium, 
UrocyatU, 
Uromyoea,  3. 

Kape  (see  Brassica) 


Aecidium,     34 

Cercoapora,    ■ 

Microaphaera, 

Rbeum,  Aecidium, 

Scleredema,   - 

Rlrinanthm, 

Coleoaporium, 
Sclerotium,     - 
Rhizoctonia, 
R  hizomorpha,     • 


348,  387 


Scleredema,  - 

Septoria, 

Sphaerotheca, 
Rice  (see  Oryza) 
Eldnna,  Cercospora,  - 
King -nolle, 
Roblnla,  Aglsoapora 

Dothiorella,    - 

Nectria,  - 

Polypoiua, 

Rhizobinm,     - 

Striekeria, 
Root-hype  rtrophy , 

„tnbercles,99,101,528,5«4 
Rom,  Actinonema, 

Cercoapora, 

Cryptoetictis,- 

Dicoccum, 

GloeoBporium, 

Leptoatroma,  ■ 


Apiosporiuui,  - 
Chryiomyxa,  -     '■ 
Enobaaidiuoi, 
GloeoBporium, 
Hcnderaonia,  - 
Peetalozzia, 
Sclerotinia, 
Synchytrium, 

Rhodophyeaae, 
Entonema, 

Khna,  Cercoapora, 
Maraonia, 
Sphaerotheca, 
Taphrina, 
Uromyeea, 

Rlbaa,  Aecidium, 
Caeotna,- 
Cercospora, 


Uloeoaporium, 

Leptoephaeria, 

Mieroaphaera, 

PhyllotticU,  ■ 

Plasm  opara,   - 

Polyporna, 

Puocinia, 


Mar 


506 


Peronoapora,  - 
Peetalozzia, 

Phragmidium, 
Sep  tori  a, 
Sphaerotheca, 
jaaceao,  Oidium, 
Peronoapora,  - 
Phragmidium, 
Sphaeropais,    - 
Sphaerotheca, 
Roae  Mildew, 
Roat  of  Vine, 
Rowan     (aee     l'yrua 
Aucuparia) 

IMbM,  Phacidium,   241 
Rnboa,  Ascoohyta, 


Cercoapora, 

Chryaomyxa,  - 

Cladoaporium, 

Coleroa,  • 

Gloeoaporium, 

Mollisia, 

Phragmidium, 

Puccinia, 

Pyrenochaeta, 

Septoria, 

Dredo,    - 


515 


d  by  Google 
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Rumea,  Uatilago, 

.    299 

Didymoaphaeria,    -    218 

Kodnm,  Aecidium, 

-     349 

Humsx,  Aecidium, 

-    349 

Nectria,-        ■              185  j      Endophyllum, 

-    404 

Chloroehytrhim, 

550 

Phylloaticta,  ■        -    464       Puccinia, 

-     359 

Cladochytrinm, 

114 

Bangnlaorba, 

Septoria, 

478 

Deputes, 

405 

Phragmidium,         -    363 

Seed-control  stations 

65 

Ovular)  a, 

501 

Banicula,  Fabraea,     -    255 

Seed-sterilization, 

65 

Pnccinia, 

355 

Puccinia,                    -     341 

Seedling;-  dlaeaaea , 

Ramularia, 

502 

Sapoaaiia,,  Sorosporinm,325 

Fnsoma, 

540 

Synchytrium, 

113 

Ustilago,                28,  297 

Peronoaporeae,     1 

8,  117 

Uromycea,      -     3 

H,  337 

Saprophytes,      ■         -1-3 

Selection  against  dis 

Uatilago, 

29b 

Saxlfraffa,  Caeoma,    -    419 

ease,   ■ 

81 

Venturia, 

'218 

Exobasidium,-             427 

BeUnum,  Puccinia, 

353 

Hnppld,  Tetnunyxa, 

529 

Melampaora,  -               370 

Bompervivnm, 

Ruscua,  Phyllottfcta, 

465 

Pnccinia,         -         ■    359 

Endophyllum, 

403 

Runt  Or  Uredineao, 

328 

Synchytrinm,-         -      112 

Pbytophthora, 

118 

Ruat  in  Australia,  et 

o.,    85 

BuaMo-a,  Peronoepora,   132 

aenedo,  Aecidium,  350,  351 

Kuat,  white, 

123 

Pnccinia,               -    361 

Coleoeporium,      374,  377 

Eye  (see  Secale) 

Syncuytrinm,-        -     110 

Ovulatia, 

500 

Uatilago,         ■      294-206 

Puccinia,        -     356,  359 

S 

scllla,  Bacterioaia,      •    538 

Ranmlaria, 

502 

Bacdiaj-uin, 

Pleospora,      -       -    221 

Tbielavia, 

183 

Thielaviopais, 

183 

Puccinia,              356,  359 

Baaall,  Pnccinia, 

353 

Trichosphaeria, 

198 

Sclerotinia,     -         -    266 

Beeleiia,  Pnccinia, 

349 

Ustilago, 

284 

Urocystia,                -    316 

TUletia,  - 

310 

Saffron,  Rhizoctonia, 

202 

Uromyoes,      -         -    338 

Betaria,  Scleroapora, 

131 

Saglttarla,  Burillia, 

322 

Ustilago,         ■         -    299 

Uatilago, 

292 

Doassinia,       •      32 

3,324 

Bnfrpua,  Cladochytrium,114 

Uatilaginoidea, 

311 

Sainfoin  (see  Onobry 

his) 

Clavicepa,       ■         -     195 

Shelter  parasitism, 

540 

Ballcornla,  Uroioyces 

334 

Puccinia,        -     352, 354 

Bbepnerd'a  Pnrae  {sec 

SaUx,  Capn  odium, 

181 

Uromyoes,      -        -    336 

Capaella) 

Cryptomycea,- 

248 

Scleroti  urn -diseases,  29,  256 

Shot-hole  fungi,  463, 4 

87,513 

DirJymoephaeria, 

218 

BooHonara,  Cystopus,     127 

Bicyoa,  Peronoepora, 

134 

Didymosporium, 

490 

Puccinia,         -     353,  356 

Sllans,  Clsdochytriun 

,   114 

Leptostroma,  - 

480 

Uatilago,                -    296 

Blleue,  Peronospora, 

134 

Melampaora,  ■     3t 

7,368 

BcroptLularU,  Ovularia,  501 

Puccinia,         ■     3< 

0,  361 

Melaarain, 

480 

Peronoepora,  -            134 

SoroBpnrium,  - 

325 

Ovular!*, 

501 

Uromycea,                    338 

Uromycea,      •     3< 

4,337 

Pestaloraa,    ■ 

494 

Bcropnulailnaae , 

Uatilago, 

297 

Polyporua,  433,438 

,444, 

Plaamopara,   -         -     131 

SUrer   Fix  (aee  Abies 

452 

Seoala,  Clavicepa,      -    191 

pectinate) 

Rhytisma,      -     24 

5,246 

Dilophia,         ■         -     222 

Ally  bum,  Uatilago, 

296 

Sol  erode  ids,   - 

251 

Dilopbospont,              479 

Blum,  Aecidium, 

336 

Septoria, 

478 

Fusarium,       -             520 

Cladochytriuin, 

114 

Trametea, 

455 

Helminthoaporiiim,      221 

Slime-flux  of  trees, 

142 

Twig-ga.Ha,     - 

.532 

Leptosphaeria,             230 

Slime-fungi, 

r>22 

Uncinnla, 

178 

Pnccinia,      345,  347,  348 

Sloe  (see  Prunus) 

Salvia,  Puccinia, 

341 

Tillotia,  -        -         •    310 

Smllacln*, 

SamtiucuB,  Aecidium, 

411 

Urocystia,        ■         -     315 

Heterosporium, 

516 

Cercoapora, 

515 

Uatilago,         ■         -    289 

Smilax,  Aecidium, 

411 

db,  Google 
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Smuts  or  Ustilagineaf 

275 

Fuaicladium,  - 

.508 

Bngar-oajw  (see  Sacoharum) 

Smuts,   stinking  (see 

Puocinia, 

353 

Sulphur  for  Mildew,  68, 170 

Tilletia) 

Uredo,    - 

420 

Sulphur-puff,      - 

171 

gmyrnlnm,  Puccinia, 

356 

Ustilago,         -     282 

284 

Summer-rust,     - 

341 

Snag-pruning,     - 

77 

Spergula,  Puccinia,   - 

361 

Sunflower  (aee  Helianthns) 

Solanum,  Ceroospora. 

515 

Bpsrgnlaria,  Cystopus 

127 

Sunflower-rust,  - 

340 

Phytophthora, 

120 

Uromycea, 

337 

Sycamore  (aee  Acer) 

Solanum  Lycoperslcni 

Spermatiaand  Spur-mo 

Bymphorloarpua, 

Bacteria, 

536 

gonia,  -       56,  13i 

328 

Aecidium, 

411 

Ciadosporium, 

510 

Sphagnum,  Tilletia,  - 

310 

Symphytum, 

Colletotrichum, 

487 

Spinach  (see  Spinacia) 

Cladochytrium, 

114 

Fuearium, 

520 

Spinacia,  Cladosporidn 

,510 

Entyloma,      - 

312 

Gloeosporinm, 

483 

Colletotri  chain, 

487 

Ovularia, 

501 

Macroaporium, 

517 

Entyloma, 

313 

Uredo,    - 

420 

Phytophthara, 

119 

Heteroeporium, 

516 

SymplooM,  Exobasidnm ,  427 

Septoria, 

477 

Peronospora,  - 

132 

Byringa,  Bacteria, 

533 

Solarium  Keiongena, 

Phyllosticta,  - 

468 

Cercoapora,     - 

515 

Botrytis, 

5O0 

BpiniiBx,  Ustilago, 

29B 

Diplodia, 

472 

Gloeosporium,     48 

2,483 

Spiraea, 

Ovularia, 

501 

Noctria,  - 

189 

Cylindroaporium,   - 

489 

Phoma,  ' 

468 

Podoaph&era,  • 

174 

T 

Solanum    tuberosum 

Ramularia, 

502 

Tanaoatum,  Puocinia 

355 

Alternaria, 

517 

Sphaerotheca, 

173 

Taraxacum,  Aecidium 

351 

Bacteria,         ■     53 

5,  537 

Stysanua, 

519 

F uso ma,  - 

505 

Botrytis, 

268 

Triphragmium,  361 

362 

Olpidium,       ■ 

107 

Entorrhiza,     ■ 

326 

Urocystis, 

319 

Protomycea,   - 

141 

Hypnochue,    - 

428 

Spore,  distribution,    . 

53 

Puccinia, 

353 

Maoroeporium, 

517 

„       germination,   - 

46 

Synchytrium,-      22,  105 

Oospora, 

497 

Sporooolus,  Tilletia,  • 

310 

Tars  (aee  Vicia) 

Peziza,    ■ 

268 

Spraying  of  Plant*,    ■ 

69 

Tarring  of  Wounds,  77, 201 

Phytophthora, 

119 

Spruce  (see  Picea) 

Tarns,  Capnodium, 

181 

Pythinm, 

116 

Spurge  (see  Euphorbia) 

Phoma,  - 

468 

Rhuoctonia,  • 

202 

Btacbys,  Puccinia,   356,  359 

Sphaerella, 

215 

Schinzia, 

326 

Septoria, 

478 

Tsnerlnm,  Puccinia, 

381 

Sclerotinia,     - 

2G4 

Starch  and  fungi. 

33 

Thallctrum, 

Holdanella,  Puccinia 

341 

Btatlce,  Uromyces, 

334 

Aecidium,      •    349,  352 

BolldagO,  Aecidium, 

411 

Steeps  for  fungi, 

65 

Entyloma, 

312 

Basidiophora,  - 

127 

Btellarla,  Iaariopaia,  - 

520 

Puccinia,         -     306,  358 

Didymaria,     - 

501 

Melampao  rails, 

370 

Synchytrium, 

112 

Puocinia, 

359 

Sorosporium,  - 

325 

Urocystis, 

317 

Uromyoea, 

338 

Synchytrium, 

111 

Theslum,  Puocinia, 

341 

aoucluis,  Bremia, 

132 

Uromycea, 

337 

TMaspl,  Puccinia, 

361 

Coleoaporium, 

377 

Ustilngo, 

297 

Tilletia,  ■ 

310 

Puccinia, 

355 

Btanactis  (aee  Erigeron) 

Thuja,  Polyporua, 

450 

Synchytrium, 

113 

Stlftla,  Protomycea,  - 

141 

Thnjopsis,  Caeoma,  1 

0,419 

Borbus  (aee  Pyrin) 

Btlpa,  Ustilago, 

293 

Thymus,  Puccinia, 

359 

Sorghum,  Bacteria, 

534 

Strawberry  (see  Fraga 

ris) 

Tlllf,  Actinonema, 

474 

Cintractia, 

302 

Btreptopus,  Aocidium, 

349 

Cercoapora,    - 

515 

Endothlaspis,- 

302 

Btruthloptarla,  (aee  Ferns) 

Nectria,- 

185 

db,  Google 


II.    GENERAL   INDEX. 


Peitalozzia,     -         -     491 

Phyllosticta,  -        -    464 

Poly  poms,  -    444 

Tinder-fungus,  ■        -    433 

Tobacco  (see  Nicotians) 

Tomato  (see  Solarauni  Lyco- 

persicum) 

Sleeping  disease,    -    520 

Topinainbur,  Sclerotinia,  264 

Tragopogou, 

Fuuioladium,  -        -    508 

Paccinia,  •         -     356 

Ustilago,     ■    -        -    296 

Trlentalla,  Tubiircinia,    319 

Trlfollum,  Cercoapora,    515 

Eryaiphe,       ■     175,499 

Macroeporium, 

PeroD03pora,  - 

Phacidiuuu, 

Phyllaebora,  - 

Polythrincium, 

Paendopeziia, 

Pythium,        - 

Rhizoc  tenia,  - 

Sclerotinia,     ■ 

Sphaeronema, 

Synchytrium,       107, 109 

Uromyces,    333,  336,  336 

TrlKOBolla,  Thiolavia,      163 

Uromyces,      -        -    337 

TriUcum,  Bacteria,    -    535 

CUdosporinm,         -    509 

Dilophia,         -        -    222 

DUophospora,        ■    479 

Erysiphe,        -        -     175 

Gibellwa,  -    220 

Leptosphaeria,        ■    221 

Myltrosporium,      ■    518 

Ophio  bolus, 

Puccinia, 
Pyroctonam, 
Sclerotinm, 
Septaria, 
TiUetia,  -    306,  .'(09,  310 
Typhnla, 
Urocyatia, 
Ustilago, 
Trolllni,  Puccinia, 


345-349 


Tropaeolnm,  Pleoapora,  221 

Tang*,,  Peridermium,  417 

Trichoaphaeria,  197 

Tulip*,  Botrytia,        -  500 

Puccinia,       -       -  359 

Sclerotinm,     -        -  500 

Ustilago,  -  299 

Tnralp  (see  Brassies.) 

Turrltls  (see-  also  Arabia) 

Urocystia,  -  319 

Tntailago,  Asteroma,  470 

ColeOsporium,  376 

Paccinia  (Aecidium),  348 

Ramularia,      -         •  502 

Twig-galls,  -         -  532 

Tyloses,     ...      76 

Typnk,  Heteroeporium,  516 

Ustilago,         •         -  293 

U 

Ulmaotte,  Taphrina,  -  149 

Ulmull,  Apiuaporium,  181 
Asteroma, 
Ceratophorum, 
Cladoaporiutn, 
Dothidella, 

Pestalozzia, 
Phleoapora, 
Phyllachora 


Pleoapora, 

Polyporae,  435,  444,  445, 

4S2 

Septogloeum,  -  -     496 

Slime-flux,  -  -  143 
Taphrina,  -  149,  164 
Uncinala,  -     178 

Umnelllforae,  Erysiphe,  175 

Hotarospbaeria,       -     249 

Phoina,  ■        -         -    469 

Protomyces,    -  .      138 

Paccinia,         -     353,  359 

Umbilicus,  Puccinia,  -    361 

Dredlneae,  Darluca,  -    474 

Tuberoulina,  -  -     327 

Dromyces,  Darluca,   -    474 

Urtloa,  Aecidiam,      -    349 

Ramularia,     ■         •    502 


Thecaphore,    -  -     325 

Urticaceae .  Peronoepora,  1 35 


Vaednlum, 
Calyptospora,  -    370 

Exobaaidiam,-  423,  426 
Gibbera,  -    204 

Melampeora,  -  370 

Podoaphaera,  -  -  1 75 
Sclerotica,  256-260,  263 
Synchytrium,-        •     109 

Valeriana,  Puccinia,  -    356 
Uromyces,       -         -     334 

Vanilla,  Gloeoeporium,  485 

Vara  tram, 

Hetercspbaeria, 

Puccinia, 

Uromyces, 

Varbaaeum,  Pboma, 

Ramularia, 

Uromyces, 
Veronica,  Ovularia, 

Peronospora,  - 

Puccinia, 

Sehroeteria,    • 

Septoria, 

Sorospbaera,  - 

519 
Vetcb-rust, 
Viburnum,  Actinonema,  474 

Cercoapora, 

Microtphaera, 

Plasmopara,   - 

Ramnlaria, 
Vlda,  Asoochyta, 

Cercoapora,     - 

Erysiphe, 

Peronospora,  - 

Phyllosticta,  ■ 

Uromyces,  333,  3 
Vinos.,  Puccinia, 
Tine  (see  Vitis) 

bird's  eye  rot, 

black  rot,    -        216,  484 

false  mildew, 
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